ISSN 1007-9327 (print)
ISSN 2219-2840 (online)

World Journal of

World | Gastroenterol 2011 June 28; 17(24): 2879-2976

T

Bonamge WWW.Wjgnet.com




/{/ J World Journal of
Gastroenterology

A peer-reviewed; online; open-access jowrnal of gastroenterology and hepatology

Editorial Board

2010-2013

The World Journal of Gastroenterology Editorial Board consists of 1144 members, representing a team of worldwide
experts in gastroenterology and hepatology. They are from 60 countries, including Albania (1), Argentina (8),
Australia (29), Austria (14), Belgium (12), Brazil (10), Brunei Darussalam (1), Bulgaria (2), Canada (20), Chile (3),
China (69), Colombia (1), Croatia (2), Cuba (1), Czech (4), Denmark (8), Ecuador (1), Egypt (2), Estonia (2), Finland
(8), France (24), Germany (75), Greece (14), Hungary (10), India (26), Iran (6), Ireland (7), Israel (12), Italy (101),
Japan (112), Jordan (1), Kuwait (1), Lebanon (3), Lithuania (2), Malaysia (1), Mexico (10), Moldova (1), Netherlands
(29), New Zealand (2), Norway (11), Pakistan (2), Poland (11), Portugal (4), Romania (3), Russia (1), Saudi Arabia
(3), Serbia (3), Singapore (10), South Africa (2), South Korea (32), Spain (38), Sweden (18), Switzerland (11),
Thailand (1), Trinidad and Tobago (1), Turkey (24), United Arab Emirates (2), United Kingdom (82), United States
(249), and Uruguay (1).

HONORARY EDITORS-IN-CHIEF Natalia A Osna, Omaha Ta-Sen Yeh, Taoyuan
James L Boyer, New Haven Wei Tang, Tokyo Hsu-Heng Yen, Changhua
Ke-Ji Chen, Beijing Alan BR Thomson, Edmonton Ming-Whei Yu, Taipei
Martin H Floch, New Haven Harry HX Xia, Hanover
Emmet B Keeffe, Palo Alto Jesus K Yamamoto-Furusho, Mexico MEMBERS OF THE EDITORIAL
Geng-Tao Liu, Beijing Yoshio Yamaoka, Houston BOARD
Lein-Ray Mo, Tainan
Eamonn M Quigley, Cork ASSOCIATE EDITORS-IN-CHIEF
Rafiq A Sheikh, Sacramento You-Yong Lu, Beijing - .
Nicholas J Talley, Rochester John M Luk, Singapore Albania
Ming-Lung Yu, Kaohsiung Hiroshi Shimada, Yokohama Bashkim Resuli, Tirana
PRESIDENT AND EDITOR-IN- GUEST EDITORIAL BOARD
CHIEF MEMBERS
Lian-Sheng Ma, Beijing Chien-Jen Chen, Taipei Argentina

Yang-Yuan Chen, Changhua Julio H Carri, Cérdoba
ACADEMIC EDITOR-IN-CHIEF Jen-Hwey Chiu, Taipei Eduardo de Santibafies, Buenos Aires
Tauseef Ali, Oklahoma City Seng-Kee Chuah, Kaohsiung Bernardo Frider, Buenos Aires
Mauro Bortolotti, Bologna Wan-Long Chuang, Kaohsiun Carlos J Pirola, Buenos Aires
Tarkan Karakan, Ankara Ming-Chih Hou, Taipei Bernabe Matias Quesada, Buenos Aires
Weekitt Kittisupamongkol, Bangkok Kevin Cheng-Wen Hsiao, Taipei Silvia Sookoian, Buenos Aires
Anastasios Koulaouzidis, Edinburgh Po-Shiuan Hsieh, Taipei Adriana M Torres, Rosario
Bo-Rong Pan, Xi'an Tsung-Hui Hu, Kaohsiung Maria Ines Vaccaro, Buenos Aires
Sylvia LF Pender, Southampton Wen-Hsin Huang, Taichung
Max S Petrov, Auckland Chao-Hung Hung, Kaohsiung ﬁ
George Y Wu, Farmington [-Rue Lai, Taipei

Teng-Yu Lee, Taichung Australia
STRATEGY ASSOCIATE Ching Chung Lin, Taipei Leon Anton Adams, Nedlands
EDITORS-IN-CHIEF Hui-Kang Liu, Taipei Richard Anderson, Victoria
Peter Draganov, Florida Hon-Yi Shi, Kaohsiung Minoti V Apte, New South Wales
Hugh J Freeman, Vancouver Chih-Chi Wang, Kaohsiung Andrew V Biankin, Sydney
Maria C Gutiérrez-Ruiz, Mexico Jin-Town Wang, Taipei Filip Braet, Sydney
Kazuhiro Hanazaki, Kochi Cheng-Shyong Wu, Chia-Yi Christopher Christophi, Melbourne
Akio Inui, Kagoshima Jaw-Ching Wu, Taipei Philip G Dinning, Koagarah
Kalpesh Jani, Baroda Jiunn-Jong Wu, Tainan Guy D Eslick, Sydney
Javier S Martin, Punta del Este Ming-Shiang Wu, Taipei Michael A Fink, Melbourne

(4 9

Jg.,;ﬁ:ﬂ,g@ WJG | www.wjgnet.com I January 7, 2011



(49

,gu;ﬁfe..g@ WIJG | www.wjgnet.com January 7, 2011




Thomas Kietzmann, Oulu
Kaija-Leena Kolho, Helsirnki
Jukka-Pekka Mecklin, Jyvaskyla
Minna Nystrom, Helsinki

Pauli Antero Puolakkainen, Turku
Juhani Sand, Tampere

Lea Veijola, Helsinki

I I France

Claire Bonithon-Kopp, Dijon
Lionel Bueno, Toulouse

Sabine Colnot, Paris

Catherine Daniel, Lille Cedex
Alexis Desmouliere, Limoges
Thabut Dominique, Paris
Francoise L Fabiani, Angers
Jean-Luc Faucheron, Grenoble
Jean Paul Galmiche, Nantes cedex
Boris Guiu, Dijon

Paul Hofman, Nice

Laurent Huwart, Paris

Juan Iovanna, Marseille
Abdel-Majid Khatib, Paris
Philippe Lehours, Bordeaux
Flavio Maina, Marseille

Patrick Marcellin, Paris

Rene Gerolami Santandera, Marseille
Annie Schmid-Alliana, Nice cedex
Alain L Servin, Chatenay-Malabry
Stephane Supiot, Nantes
Baumert F Thomas, Strasbourg
Jean-Jacques Tuech, Rouen

Frank Zerbib, Bordeaux Cedex

Erwin Biecker, Siegburg
Hubert Blum, Freiburg
Thomas Bock, Tuebingen

Dean Bogoevski, Hamburg
Elfriede Bollschweiler, Kdln
Jtrgen Borlak, Hannover
Christa Buechler, Regensburg
Jurgen Biining, Liibeck

Elke Cario, Essen

Bruno Christ, Halle/Saale
Christoph F Dietrich, Bad Mergentheim
Ulrich R Félsch, Kiel

Nikolaus Gassler, Aachen
Markus Gerhard, Munich
Dieter Glebe, Giessen

Ralph Graeser, Freiburg

Axel M Gressner, Aachen

Nils Habbe, Marburg

Thilo Hackert, Heidelberg
Wolfgang Hagmann, Heidelberg
Dirk Haller, Freising

Philip D Hard, Giessen

Claus Hellerbrand, Regensburg
Klaus R Herrlinger, Stuttgart
Eberhard Hildt, Berlin

Andrea Hille, Goettingen

Joerg C Hoffmann, Berlin
Philipe N Khalil, Munich
Andrej Khandoga, Munich
Jorg Kleeff, Munich

Ingmar Konigsrainer, Tiibingen
Peter Konturek, Erlangen

Germany

(49

Foienidenge  WIG | www.wijgnet.com

Stefan Kubicka, Hannover
Joachim Labenz, Siegen

Michael Linnebacher, Rostock
Jutta Elisabeth Liittges, Riegelsberg
Peter Malfertheiner, Magdeburg
Oliver Mann, Hamburg

Peter N Meier, Hannover

Sabine Mihm, Géttingen

Klaus Monkemidiller, Bottrop
Jonas Mudlter, Erlangen
Sebastian Mueller, Heidelberg
Robert Obermaier, Freiburg
Matthias Ocker, Erlangen
Stephan Johannes Ott, Kiel
Gustav Paumgartner, Munich
Christoph Reichel, Bad Briickenau
Markus Reiser, Bochum

Steffen Rickes, Magdeburg

Elke Roeb, Giessen

Christian Rust, Munich

Hans Scherubl, Berlin

Martin K Schilling, Homburg
Joerg F Schlaak, Essen

Rene Schmidt, Freiburg

Andreas G Schreyer, Regensburg
Karsten Schulmann, Bochum
Henning Schulze-Bergkamen, Mainz
Manfred V Singer, Mannheim
Jens Standop, Bonn

Jurgen M Stein, Frankfurt

Ulrike S Stein, Berlin

Wolfgang R Stremmel, Heidelberg
Harald F Teutsch, Ulm

Hans L Tillmann, Leipzig
Christian Trautwein, Aachen
Joerg Trojan, Frankfurt

Arndt Vogel, Hannover
Siegfried Wagner, Deggendorf
Frank Ulrich Weiss, Greifswald
Fritz von Weizsicker, Berlin
Thomas Wex, Magdeburg

Stefan Wirth, Wuppertal

Marty Zdichavsky, Tiibingen

. I
. _
Greece

Helen Christopoulou-Aletra, Thessaloniki
T Choli-Papadopoulou, Thessaloniki
Tsianos Epameinondas, loannina
Toannis Kanellos, Thessaloniki

Elias A Kouroumalis, Heraklion

Toannis E Koutroubakis, Heraklion
Michael Koutsilieris, Athens

Andreas Larentzakis, Athens

Emanuel K Manesis, Athens

Spilios Manolakopoulos, Athens
Konstantinos Mimidis, Alexandroupolis
George Papatheodoridis, Athens

Spiros Sgouros, Athens

Evangelos Tsiambas, Ag Paraskevi Attiki

[ ]
N Hungary

Gyorgy M Buzas, Budapest
Laszl6 Czako, Szeged
Gyula Farkas, Szeged
Peter Hegyi, Szeged

Peter L Lakatos, Budapest

1

Yvette Mandi, Szeged
Zoltan Rakonczay, Szeged
Ferenc Sipos, Budapest
Zsuzsa Szondy, Debrecen
Gabor Veres, Budapest

I 1ndia

Philip Abraham, Mumbai

Vineet Ahuja, New Delhi

Giriraj Ratan Chandak, Hyderabad
Devinder Kumar Dhawan, Chandigarh
Radha K Dhiman, Chandigarh
Pankaj Garg, Panchkula

Pramod Kumar Garg, New Delhi
Debidas Ghosh, Midnpore

Uday C Ghoshal, Lucknow
Bhupendra Kumar Jain, Delhi
Ashok Kumar, Lucknow

Bikash Medhi, Chandigarh

Sri P Misra, Allahabad

Gopal Nath, Varanasi

Samiran Nundy, New Delhi
Jagannath Palepu, Mumbai
Vandana Panda, Mumbai
Benjamin Perakath, Tamil Nadu
Ramesh Roop Rai, Jaipur
Nageshwar D Reddy, Hyderabad
Barjesh Chander Sharma, New Delhi
Virendra Singh, Chandigarh
Rupjyoti Talukdar, Guwahati
Rakesh Kumar Tandon, New Delhi
Jai Dev Wig, Chandigarh

Mohammad Abdollahi, Tehran
Peyman Adibi, Isfahan
Seyed-Moayed Alavian, Tehran
Seyed Mohsen Dehghani, Shiraz
Reza Malekzadeh, Tehran
Alireza Mani, Tehran

I Ireland

Billy Bourke, Dublin

Ted Dinan, Cork
Catherine Greene, Dublin
Ross McManus, Dublin
Anthony P Moran, Galway
Marion Rowland, Dublin

s Israel

Simon Bar-Meir, Hashomer
Alexander Becker, Afula
Abraham R Eliakim, Haifa
Sigal Fishman, Tel Aviv
Boris Kirshtein, Beer Sheva
Eli Magen, Ashdod
Menachem Moshkowitz, Tel-Aviv
Assy Nimer, Safed

Shmuel Odes, Beer Sheva
Mark Pines, Bet Dagan
Ron Shaoul, Haifa

Ami D Sperber, Beer-Sheva

January 7, 2011



I I Italy

Donato F Altomare, Bari
Piero Amodio, Padova

Angelo Andriulli, San Giovanni Rotondo

Paolo Angeli, Padova

Bruno Annibale, Rome

Paolo Aurello, Rome
Salvatore Auricchio, Naples
Antonio Basoli, Rome
Claudio Bassi, Verona
Gabrio Bassotti, Perugia
Mauro Bernardi, Bologna
Alberto Biondi, Rome

Luigi Bonavina, Milano
Guglielmo Borgia, Naples
Roberto Berni Canani, Naples
Maria Gabriella Caruso, Bari
Fausto Catena, Bologna
Giuseppe Chiarioni, Valeggio
Michele Cicala, Rome

Dario Conte, Milano
Francesco Costa, Pisa
Antonio Craxi, Palermo
Salvatore Cucchiara, Rome
Giuseppe Curro, Messina
Mario M D’Elios, Florence
Mirko D’Onofrio, Verona
Silvio Danese, Milano
Roberto de Franchis, Milano
Paola De Nardi, Milan
Giovanni D De Palma, Naples
Giuliana Decorti, Trieste
Gianlorenzo Dionigi, Varese
Massimo Falconi, Verona
Silvia Fargion, Milan
Giammarco Fava, Ancona
Francesco Feo, Sassari
Alessandra Ferlini, Ferrara
Alessandro Ferrero, Torino
Mirella Fraquelli, Milan
Luca Frulloni, Verona
Giovanni B Gaeta, Napoli
Antonio Gasbarrini, Rome
Edoardo G Giannini, Genoa
Alessandro Granito, Bologna
Fabio Grizzi, Milan
Salvatore Gruttadauria, Palermo
Pietro Invernizzi, Milan
Achille Iolascon, Naples
Angelo A Izzo, Naples

Ezio Laconi, Cagliari
Giovanni Latella, L’Aquila
Massimo Levrero, Rome
Francesco Luzza, Catanzaro
Lucia Malaguarnera, Catania
Francesco Manguso, Napoli
Pier Mannuccio Mannucci, Milan
Giancarlo Mansueto, Verona
Giulio Marchesini, Bologna
Mara Massimi, Coppito
Giovanni Milito, Rome
Giuseppe Montalto, Palermo
Giovanni Monteleone, Rome
Luca Morelli, Trento
Giovanni Musso, Torino
Mario Nano, Torino

Gerardo Nardone, Napoli
Riccardo Nascimbeni, Brescia
Valerio Nobili, Rome

Fabio Pace, Milan

Nadia Peparini, Rome

(4 9

Jg‘,.-:ﬁ:e,,g@ WJG | www.wjgnet.com

Marcello Persico, Naples
Mario Pescatori, Rome
Raffaele Pezzilli, Bologna
Alberto Piperno, Monza
Anna C Piscaglia, Rome
Piero Portincasa, Bari
Michele Reni, Milan

Vittorio Ricci, Pavia

Oliviero Riggio, Rome

Mario Rizzetto, Torino
Ballarin Roberto, Modena
Gerardo Rosati, Potenza
Franco Roviello, Siena
Cesare Ruffolo, Treviso
Massimo Rugge, Padova
Marco Scarpa, Padova

C armelo Scarpignato, Parma
Giuseppe Sica, Rome

Marco Silano, Rome
Pierpaolo Sileri, Rome
Vincenzo Stanghellini, Bologna
Fiorucci Stefano, Perugia
Giovanni Tarantino, Naples
Alberto Tommasini, Trieste
Guido Torzilli, Rozzano Milan
Cesare Tosetti, Porretta Terme
Antonello Trecca, Rome
Vincenzo Villanacci, Brescia
Lucia Ricci Vitiani, Rome
Marco Vivarelli, Bologna

Kyoichi Adachi, Izumo
Yasushi Adachi, Sapporo
Takafumi Ando, Nagoya
Akira Andoh, Otsu
Masahiro Arai, Tokyo
Hitoshi Asakura, Tokyo
Kazuo Chijiiwa, Miyazaki
Yuichiro Eguchi, Saga
Itaru Endo, Yokohama
Munechika Enjoji, Fukuoka
Yasuhiro Fujino, Akashi
Mitsuhiro Fujishiro, Tokyo
Kouhei Fukushima, Sendai
Masanori Hatakeyama, Tokyo
Keiji Hirata, Kitakyushu
Toru Hiyama, Higashihiroshima
Masahiro lizuka, Akita
Susumu Ikehara, Osaka
Kenichi Ikejima, Bunkyo-ku
Yutaka Inagaki, Kanagawa
Hiromi Ishibashi, Nagasaki
Shunyji Ishihara, Izumo
Toru Ishikawa, Niigata
Toshiyuki Ishiwata, Tokyo
Hajime Isomoto, Nagasaki
Yoshiaki Iwasaki, Okayama
Satoru Kakizaki, Gunma
Terumi Kamisawa, Tokyo
Mototsugu Kato, Sapporo
Naoya Kato, Tokyo
Takumi Kawaguchi, Kurume
Yohei Kida, Kainan

Shogo Kikuchi, Aichi
Tsuneo Kitamura, Chiba
Takashi Kobayashi, Tokyo
Yasuhiro Koga, Isehara
Takashi Kojima, Sapporo
Norihiro Kokudo, Tokyo
Masatoshi Kudo, Osaka
Shin Maeda, Tokyo

Japan

v

Satoshi Mamori, Hyogo
Atsushi Masamune, Sendai
Yasushi Matsuzaki, Tsukuba
Kenji Miki, Tokyo

Toshihiro Mitaka, Sapporo
Hiroto Miwa, Hyogo

Kotaro Miyake, Tokushima
Manabu Morimoto, Yokohama
Yoshiharu Motoo, Kanazawa
Yoshiaki Murakami, Hiroshima
Yoshiki Murakami, Kyoto
Kunihiko Murase, Tusima
Akihito Nagahara, Tokyo
Yuji Naito, Kyoto

Atsushi Nakajima, Yokohama
Hisato Nakajima, Tokyo
Hiroki Nakamura, Yamaguchi
Shotaro Nakamura, Fukuoka
Akimasa Nakao, Nagogya
Shuhei Nishiguchi, Hyogo
Mikio Nishioka, Niihama
Keiji Ogura, Tokyo

Susumu Ohmada, Maebashi
Hirohide Ohnishi, Akita
Kenji Okajima, Nagoya
Kazuichi Okazaki, Osaka
Morikazu Onji, Ehime
Satoshi Osawa, Hamamatsu
Hidetsugu Saito, Tokyo
Yutaka Saito, Tokyo

Naoaki Sakata, Sendai
Yasushi Sano, Chiba
Tokihiko Sawada, Tochigi
Tomohiko Shimatan, Hiroshima
Yukihiro Shimizu, Kyoto
Shinji Shimoda, Fukuoka
Yoshio Shirai, Niigata
Masayuki Sho, Nara
Shoichiro Sumi, Kyoto
Hidekazu Suzuki, Tokyo
Masahiro Tajika, Nagoya
Yoshihisa Takahashi, Tokyo
Toshinari Takamura, Kanazawa
Hiroaki Takeuchi, Kochi
Yoshitaka Takuma, Okayama
Akihiro Tamori, Osaka
Atsushi Tanaka, Tokyo

Shinji Tanaka, Hiroshima
Satoshi Tanno, Hokkaido
Shinji Togo, Yokohama
Hitoshi Tsuda, Tokyo
Hiroyuki Uehara, Osaka
Masahito Uemura, Kashihara
Yoshiyuki Ueno, Sendai
Mitsuyoshi Urashima, Tokyo
Takuya Watanabe, Niigata
Satoshi Yamagiwa, Niigata
Taketo Yamaguchi, Chiba
Mitsunori Yamakawa, Yamagata
Takayuki Yamamoto, Yokkaichi
Yutaka Yata, Maebashi
Hiroshi Yoshida, Tokyo
Norimasa Yoshida, Kyoto
Yuichi Yoshida, Osaka
Kentaro Yoshika, Toyoake
Hitoshi Yoshiji, Nara

Katsutoshi Yoshizato, Higashihiroshima

Tomoharu Yoshizumi, Fukuoka

= Jordan

Ismail Matalka, Irbid

January 7, 2011



(49

,gu;ﬁ::..g@ WIJG | www.wjgnet.com January 7, 2011




A
JBaishideng®

Fernando Azpiroz, Barcelona
Ramon Bataller, Barcelona

Belén Beltran, Valencia

Adolfo Benages, Valencia

Josep M Bordas, Barcelona

Lisardo Bosca, Madrid

Luis Bujanda, San Sebastidn

Juli Busquets, Barcelona

Matilde Bustos, Pamplona

José Julian calvo Andrés, Salamanca
Andres Cardenas, Barcelona

Antoni Castells, Barcelona
Fernando ] Corrales, Pamplona

J E Dominguez-Mufioz, Santiago de Conpostela
Juan Carlos Laguna Egea, Barcelona
Isabel Fabregat, Barcelona

Antoni Farré, Barcelona

Vicente Felipo, Valencia

Laureano Fernandez-Cruz, Barcelona
Luis Grande, Barcelona

Angel Lanas, Zaragoza
Juan-Ramoén Larrubia, Guadalajara
Maria IT Lépez, Jaén

Juan Macias, Seville

Javier Martin, Granada

José Manuel Martin-Villa, Madrid
Julio Mayol, Madrid

Mireia Miquel, Sabadell

Albert Parés, Barcelona

Jestis M Prieto, Pamplona

Pedro L Majano Rodriguez, Madrid
Joan Rosell6-Catafau, Barcelona
Eva Vaquero, Barcelona

H N
- - Sweden

Lars Erik Agréus, Stockholm

Mats Andersson, Stockholm
Roland Andersson, Lund

Mauro D’ Amato, Huddinge
Evangelos Kalaitzakis, Gothenburg
Greger Lindberg, Stockholm
Annika Lindblom, Stockholm

Sara Lindén, Goteborg
Hanns-Ulrich Marschall, Stockholm
Par Erik Myrelid, Linkdping

Ake Nilsson, Lund

Helena Nordenstedt, Stockholm
Kjell Oberg, Uppsala

Lars A Pahlman, Uppsala

Stefan G Pierzynowski, Lund

Sara Regnér, Malmd

Bobby Tingstedt, Lund

Zongli Zheng, Stockholm

ﬂ Switzerland

Pascal Bucher, Geneva
Michelangelo Foti, Geneva
Jean L Frossard, Geneva
Andreas Geier, Ziirich
Pascal Gervaz, Geneva

Gerd A Kullak-Ublick, Ziirich
Fabrizio Montecucco, Geneva
Paul M Schneider, Ziirich
Felix Stickel, Berne

Bruno Stieger, Ziirich

Inti Zlobec, Basel

(4 9

WJG | www.wjgnet.com

k\l Trinidad and Tobago

Shivananda Nayak, Mount Hope

Turkey

Sinan Akay, Tekirdag

Metin Basaranoglu, Istanbul
Yusuf Bayraktar, Ankara

A Mithat Bozdayi, Ankara
Hayrullah Derici, Balikesir
Eren Ersoy, Ankara
Mukaddes Esrefoglu, Malatya
Can Goen, Kutahya

Selin Kapan, Istanbul

Aydin Karabacakoglu, Konya
Cuneyt Kayaalp, Malatya
Kemal Kismet, Ankara
Seyfettin Koklii, Ankara
Mehmet Refik Mas, Etlik-Ankara
Osman C Ozdogan, Istanbul
Biilent Salman, Ankara
Orhan Sezgin, Mersin

Ilker Tasci, Ankara

Miige Tecder-Unal, Ankara
Ahmet Tekin, Mersin

Mesut Tez, Ankara

Ekmel Tezel, Ankara

Ozlem Yilmaz, Izmir

B united Arab Emirates

Fikri M Abu-Zidan, Al-Ain
Sherif M Karam, Al-Ain

NN\ 7
V/A ﬂ United Kingdom

Simon Afford, Birmingham
Navneet K Ahluwalia, Stockport
Mohamed H Ahmed, Southampton
Basil Ammori, Salford

Lesley A Anderson, Belfast
Chin Wee Ang, Liverpool

Yeng S Ang, Wigan

Anthony TR Axon, Leeds
Kathleen B Bamford, London
Jim D Bell, London

John Beynon, Swansea

Chris Briggs, Sheffield

Geoffrey Burnstock, London
Alastair D Burt, Newcastle

Jeff Butterworth, Shrewsbury
Jeremy FL Cobbold, London
Jean E Crabtree, Leeds

Tatjana Crnogorac-Jurcevic, London
William Dickey, Londonderry
Sunil Dolwani, Cardiff

Emad M El-Omar, Aberdeen

A M El-Tawil, Birmingham
Charles B Ferguson, Belfast
Andrew Fowell, Southampton
Piers Gatenby, London

Daniel R Gaya, Edinburgh

Anil George, London

Rob Glynne-Jones, Northwood
Jason CB Goh, Birmingham
Gianpiero Gravante, Leicester

VI

Brian Green, Belfast

William Greenhalf, Liverpool
Indra N Guha, Nottingham

Stefan G Hiibscher, Birmingham
Robin Hughes, London

Pali Hungin, Stockton

Nawfal Hussein, Nottingham
Clement W Imrie, Glasgow

Janusz AZ Jankowski, Oxford
Sharad Karandikar, Birmingham
Peter Karayiannis, London

Shahid A Khan, London

Patricia F Lalor, Birmingham

John S Leeds, Sheffield

Ian Lindsey, Oxford

Hong-Xiang Liu, Cambridge
Dileep N Lobo, Nottingham
Graham MacKay, Glasgow

Mark Edward McAlindon, Sheffield
Anne McCune, Bristol

Donald Campbell McMillan, Glasgow
Giorgina Mieli-Vergani, London
Jamie Murphy, London

Guy Fairbairn Nash, Poole

James Neuberger, Birmingham
Patrick O'Dwyer, Glasgow
Christos Paraskeva, Bristol
Richard Parker, North Staffordshire
Thamara Perera, Birmingham
Kondragunta Rajendra Prasad, Leeds
D Mark Pritchard, Liverpool
Alberto Quaglia, London

Akhilesh B Reddy, Cambridge
Kevin Robertson, Glasgow
Sanchoy Sarkar, Liverpool

John B Schofield, Kent

Marco Senzolo, Padova

Venkatesh Shanmugam, Derby
Paul Sharp, London

Chew Thean Soon, Manchester
Aravind Suppiah, East Yorkshire
Noriko Suzuki, Middlesex

Simon D Taylor-Robinson, London
Frank I Tovey, London

A McCulloch Veitch, Wolverhampton
Vamsi R Velchuru, Lowestoft
Sumita Verma, Brighton
Catherine Walter, Cheltenham
Julian RF Walters, London

Roger Williams, London

United States

Kareem M Abu-Elmagd, Pittsburgh
Sami R Achem, Florida

Golo Ahlenstiel, Bethesda
Bhupinder S Anand, Houston

M Ananthanarayanan, New York
Balamurugan N Appakalal, Minneapolis
Dimitrios V Avgerinos, New York
Shashi Bala, Worcester

Anthony ] Bauer, Pittsburgh

Kevin E Behrns, Gainesville
Roberto Bergamaschi, New York
Henry ] Binder, New Haven
Edmund ] Bini, New York

Wojciech Blonski, Philadelphia
Mark Bloomston, Columbus
Edward L Bradley III, Sarasota
Carla W Brady, Durham

January 7, 2011



A
JBaishideng®

David A Brenner, San Diego
Adeel A Butt, Pittsburgh
Shi-Ying Cai, New Haven

Justin MM Cates, Nashville
Eugene P Ceppa, Durham
Jianyuan Chai, Long Beach
Ronald S Chamberlain, Livingston
Fei Chen, Morgantown
Xian-Ming Chen, Omaha
Ramsey Chi-man Cheung, Palo Alto
Denesh Chitkara, East Brunswick
Clifford S Cho, Madison

Parimal Chowdhury, Arkansas
John David Christein, Birmingham
Thomas Clancy, Boston

Ana ] Coito, Los Angeles

Ricardo Alberto Cruciani, New York
Joseph ] Cullen, Iowa City
Mark ] Czaja, New York

Mariana D Dabeva, Bronx
Jessica A Davila, Houston

Conor P Delaney, Cleveland
Laurie DeLeve, Los Angeles
Anthony ] Demetris, Pittsburgh
Sharon DeMorrow, Temple

Bijan Eghtesad, Cleveland
Yoram Elitsur, Huntington
Mohamad A Eloubeidi, Alabama
Wael El-Rifai, Nashville

Sukru H Emre, New Haven
Giamila Fantuzzi, Chicago
Ashkan Farhadi, [rvine

Ronnie Fass, Tucson

Martin E Ferndndez-Zapico, Rochester
Alessandro Fichera, Chicago
Josef E Fischer, Boston

Piero Marco Fisichella, Maywood
Fritz Francois, New York

Glenn T Furuta, Aurora

T Clark Gamblin, Pittsburgh
Henning Gerke, lowa City
Jean-Francois Geschwind, Baltimore
R Mark Ghobrial, Texas

John F Gibbs, Buffalo

Shannon S Glaser, Temple

Ajay Goel, Dallas

Jon C Gould, Madison

Eileen F Grady, San Francisco
James H Grendell, New York
John R Grider, Richmond

Anna S Gukovskaya, Los Angeles
Chakshu Gupta, St. Joseph
Grigoriy E Gurvits, New York
Hai-Yong Han, Phoenix
Yuan-Ping Han, Los Angeles
Imran Hassan, Springfield
Charles P Heise, Madison

Lisa ] Herrinton, Oakland

Oscar Joe Hines, Los Angeles
Samuel B Ho, San Diego

Steven Hochwald, Gainesville
Richard Hu, Los Angeles

Eric S Hungness, Chicago

Jamal A Ibdah, Columbia

Atif Igbal, Omaha

Hartmut Jaeschke, Tucson
Donald M Jensen, Chicago
Robert Jensen, Bethesda

Leonard R Johnson, Memphis
Andreas M Kaiser, Los Angeles
JingXuan Kang, Charlestown
John'Y Kao, Michigan

Randeep Singh Kashyap, New York
Rashmi Kaul, Tulsa

(4 9

WJG | www.wjgnet.com

Jonathan D Kaunitz, Los Angeles
Stephen M Kavic, Baltimore

Ali Keshavarzian, Chicago

Amir Magbul Khan, Marshall
Kusum K Kharbanda, Omaha
Chang Kim, West Lafayette

Dean Y Kim, Detroit

Miran Kim, Providence

Burton I Korelitz, New York

Josh Korzenik, Boston

Richard A Kozarek, Seattle
Alyssa M Krasinskas, Pittsburgh
Shiu-Ming Kuo, Buffalo

Michelle Lai, Boston

Michael Leitman, New York
Dong-Hui Li, Houston

Ming Li, New Orleans

Zhiping Li, Baltimore

Gary R Lichtenstein, Philadelphia
Chen Liu, Gainesville

Zhang-Xu Liu, Los Angeles
Craig D Logsdon, Houston

Kaye M Reid Lombardo, Rochester
Michael R Lucey, Madison

Kirk Ludwig, Wisconsin

James D Luketich, Pittsburgh
Patrick M Lynch, Houston

John S Macdonald, New York
Willis C Maddrey, Dallas
Mercedes Susan Mandell, Aurora
Christopher Mantyh, Durham
Wendy M Mars, Pittsburgh

John Marshall, Columbia

Robert CG Martin, Louisville
Laura E Matarese, Pittsburgh
Craig ] McClain, Louisville
Lynne V McFarland, Washington
David ] McGee, Shreveport
Valentina Medici, Sacramento
Stephan Menne, New York
Didier Merlin, Atlanta

George Michalopoulos, Pittsburgh
James M Millis, Chicago

Pramod K Mistry, New Haven
Emiko Mizoguchi, Boston
Huanbiao Mo, Denton

Robert C Moesinger, Ogden
Smruti R Mohanty, Chicago
John Morton, Stanford

Peter L Moses, Burlington
Sandeep Mukherjee, Omaha
Million Mulugeta, Los Angeles
Michel M Murr, Tampa

Pete Muscarella, Columbus

Ece A Mutlu, Chicago

Masaki Nagaya, Boston

Laura E Nagy, Cleveland

Aejaz Nasir, Tampa
Udayakumar Navaneethan, Cincinnati
Stephen JD O’Keefe, Pittsburgh
Robert D Odze, Boston
Giuseppe Orlando, Winston Salem
Pal Pacher, Rockuville

Georgios Papachristou, Pittsburgh
Jong Park, Tampa

William R Parker, Durham
Mansour A Parsi, Cleveland
Marco Giuseppe Patti, Chicago
Zhiheng Pei, New York

CS Pitchumoni, New Brunswiuc
Parviz M Pour, Omaha

Xiaofa Qin, Newark

Florencia Georgina Que, Rochester
Massimo Raimondo, Jacksonville

VII

Raymund R Razonable, Minnesota
Kevin Michael Reavis, Orange
Robert V Rege, Dallas

Douglas K Rex, Indianapolis
Victor E Reyes, Galveston

Basil Rigas, New York

Richard A Rippe, Chapel Hill
Alexander S Rosemurgy, Tampa
Philip Rosenthal, San Francisco
Raul ] Rosenthal, Weston

Joel H Rubenstein, Ann Arbor
Shawn D Safford, Norfolk

Rabih M Salloum, Rochester
Bruce E Sands, Boston

Tor C Savidge, Galveston
Michael L Schilsky, New Haven
Beat Schniiriger, California
Robert E Schoen, Pittsburgh
Matthew James Schuchert, Pittsburgh
Ekihiro Seki, La Jolla

Le Shen, Chicago

Perry Shen, Winston-Salem
Stuart Sherman, Indianapolis
Mitchell L Shiffman, Richmond
Shivendra Shukla, Columbia
Bronislaw L Slomiany, Newark
Scott Steele, Fort Lewis

Branko Stefanovic, Tallahassee
Lygia Stewart, San Francisco
Luca Stocchi, Cleveland

Daniel S Straus, Riverside
Robert Todd Striker, Madison
Jonathan Strosberg, Tampa
Christina Surawicz, Seattle
Patricia Sylla, Boston

Wing-Kin Syn, Durham

Yvette Taché, Los Angeles
Kazuaki Takabe, Richmond
Kam-Meng Tchou-Wong, New York
Klaus Thaler, Columbia

Charles Thomas, Oregon
Natalie | Torok, Sacramento
George Triadafilopoulos, Stanford
Chung-Jyi Tsai, Lexington
Thérese Tuohy, Salt Lake City
Andrew Ukleja, Florida

Santhi Swaroop Vege, Rochester
Aaron Vinik, Norfolk

Dinesh Vyas, Washington
Arnold Wald, Wisconsin

Scott A Waldman, Philadelphia
Jack R Wands, Providence
Jiping Wang, Boston

Irving Waxman, Chicago
Wilfred M Weinstein, Los Angeles
Steven D Wexner, Weston

John W Wiley, Ann Arbor
Jackie Wood, Ohio

Jian Wu, Sacramento

Wen Xie, Pittsburgh

Guang-Yin Xu, Galveston

Fang Yan, Nashville

Radha Krishna Yellapu, New York
Anthony T Yeung, Philadelphia
Zobair M Younossi, Virginia
Liging Yu, Winston-Salem

Run Yu, Los Angeles

Ruben Zamora, Pittsburgh
Michael E Zenilman, New York
Mark A Zern, Sacramento

Lin Zhang, Pittsburgh

Martin D Zielinski, Rochester
Michael A Zimmerman, Colorado

January 7, 2011



w\J

World Journal of
Gastroenterology

Contents Weekly Volume 17 Number 24 June 28, 2011
EDITORIAL 2879  How to protect liver graft with nitric oxide
Ben Abdennebi H, Zaouali MA, Alfany-Fernandez I, Tabka D, Rosello-Catafau J
TOPIC HIGHLIGHT 2890 Probiotics in hepatology
Lata J, Jurankova J, Kopacova M, Vitek P
2897  Molecular biology of pancreatic cancer
Zavoral M, Minarikova P, Zavada F, Salek C, Minarik M
ORIGINAL ARTICLE 2909 Genomic imbalances in esophageal carcinoma cell lines involve Wnt pathway
genes
Brown J, Bothma H, Veale R, Willem P
2924  Characterization of a novel rat cholangiocarcinoma cell culture model-CGCCA
Yeh CN, Lin KJ, Chen TW, Wu RC, Tsao LC, Chen YT, Weng WH, Chen MF
2933  q-fetoprotein involvement during glucocorticoid-induced precocious
maturation in rat colon
Chen M, Sun P, Liu XY, Dong D, Du J, Gu L, Ge YB
BRIEF ARTICLE 2941 Is hyperhomocysteinemia relevant in patients with celiac disease?
Casella G, Bassotti G, Villanacci V, Di Bella C, Pagni F, Corti GL, Sabatino G, Piatti M,
Baldini V
2945  Long-term effects of lamivudine treatment in Japanese chronic hepatitis B
patients
Murata M, Furusyo N, Unno M, Ogawa E, Toyoda K, Taniai H, Ohnishi H, Hayashi J
2953  Total embolization of the main splenic artery as a supplemental treatment
modality for hypersplenism
He XH, Li WT, Peng WJ, Li GD, Wang SP, Xu LC
2958  Antitumor activity of mutant bacterial cytosine deaminase gene for colon

cancer

Deng LY, Wang JP, Gui ZF, Shen LZ

(4 9

T
JBaishideng®

WJG | www.wjgnet.com

1 June 28, 2011 | Volume 17 | Issue 24 |



World Journal of Gastroenterology

Contents
Volume 17 Number 24 June 28, 2011
2965 CD133" gallbladder carcinoma cells exhibit self-renewal ability and
tumorigenicity
Shi CJ, Gao J, Wang M, Wang X, Tian R, Zhu F, Shen M, Qin RY
CASE REPORT 2972 Pseudopneumoperitoneum in chronic intestinal pseudo-obstruction: A case

report
Camera L, Calabrese M, Sarnelli G, Longobardi M, Rocco A, Cuomo R, Salvatore M

LETTERS TO THE EDITOR 2976 Hepatocellular carcinoma and industrial epidemics
Braillon A, Dubois G

(49

31:;;::;“9@ WIJG | www.wjgnet.com I June 28, 2011 | Volume 17 | Issue 24 |



Contents

Volume 17 Number 24 June 28, 2011

World Journal of Gastroenterology

ACKNOWLEDGMENTS |

Acknowledgments to reviewers of World Journal of Gastroenterology

APPENDIX I

I-VI1

Meetings

Instructions to authors

ABOUT COVER

Brown J, Bothma H, Veale R, Willem P. Genomic imbalances in esophageal
carcinoma cell lines involve Wnt pathway genes.

World J Gastroenterol 2011; 17(24): 2909-2923
http://www.wjgnet.com/1007-9327/full/v17/i24/2909.htm

AIM AND SCOPE

World Journal of Gastroenterology (World | Gastroenterol, W]G, print ISSN 1007-9327, DOI:
10.3748) is a weekly, open-access, peer-reviewed journal supported by an editorial board of
1144 experts in gastroenterology and hepatology from 60 countries.

The major task of WJG is to report rapidly the most recent results in basic and clinical
research on esophageal, gastrointestinal, liver, pancreas and biliary tract diseases, Helicobacter
pylori, endoscopy and gastrointestinal surgery, including: gastroesophageal reflux disease,
gastrointestinal bleeding, infection and tumors; gastric and duodenal disorders; intestinal
inflammation, microflora and immunity; celiac disease, dyspepsia and nutrition; viral hepatitis,
portal hypertension, liver fibrosis, liver cirrhosis, liver transplantation, and metabolic liver
disease; molecular and cell biology; geriatric and pediatric gastroenterology; diagnosis and

screening, imaging and advanced technology.

FLYLEAF VIl

Editorial Board

EDITORS FOR
THIS ISSUE

Responsible Assistant Editor: Xiao-Fang Lin
Responsible Electronic Editor: Wer-Hua Ma
Proofing Editor-in-Chief: Lian-Sheng Ma

Responsible Science Editor: Liz Tian
Proofing Editorial Office Director: Jian-Xia Cheng

NAME OF JOURNAL
World Journal of Gastroenterology

LAUNCH DATE
October 1, 1995

RESPONSIBLE INSTITUTION
Department of Science and Technology of Shanxi
Province

SPONSOR

Taiyuan Research and Treatment Center for Digestive
Diseases, 77 Shuangta Xijie, Taiyuan 030001, Shanxi
Province, China

EDITING

Editorial Board of World Journal of Gastroenterology
Room 903, Building D, Ocean International Center,
No. 62 Dongsihuan Zhonglu, Chaoyang District,
Beijing 100025, China

Telephone: +86-10-5908-0039

Fax: +86-10-8538-1893

E-mail: wjg@wijgnet.com

http:/ /www.wjgnet.com

PUBLISHING

Baishideng Publishing Group Co., Limited
Room 1701, 17/F, Henan Building,

No0.90 Jaffe Road, Wanchai, Hong Kong, China
Fax: +852-3115-8812

Telephone: +852-5804-2046

E-mail: baishideng@wjgnet.com
http://www.wignet.com

SUBSCRIPTION

Beijing Baishideng BioMed Scientific Co., Ltd.
Room 903, Building D, Ocean International Center,
No. 62 Dongsihuan Zhonglu, Chaoyang District,
Beijing 100025, China

Telephone: +86-10-8538-1892

Fax: +86-10-8538-1893

E-mail: baishideng@wjgnet.com

http:/ /www.wjgnet.com

PRINT SUBSCRIPTION
RMB 245 Yuan for each issue, RMB 11760 Yuan for
one year.

PUBLICATION DATE
June 28, 2011

ISSN AND EISSN
ISSN 1007-9327 (print)
ISSN 2219-2840 (online)

HONORARY EDITORS-IN-CHIEF
James L Boyer, New Haven
Ke-Ji Chen, Bejjing

Martin H Floch, New Haven
Geng-Tao Liu, Bezjing
Emmet B Keeffe, Palo Alto
Lein-Ray Mo, Tainan
Eamonn M Quigley, Cork
Rafiq A Sheikh, Sacramento
Nicholas J Talley, Rochester
Ming-Lung Yu, Kaohsinng

PRESIDENT AND EDITOR-IN-CHIEF
Lian-Sheng Ma, Bejjing

ACADEMIC EDITOR-IN-CHIEF
Tauseef Ali, Oklahoma

Mauro Bortolotti, Bolggna

Tarkan Karakan, Ankara

Weekitt Kittisupamongkol, Bangkok
Anastasios Koulaouzidis, Edinburgh
Gerd A Kullak-Ublick, Zirich
Bo-Rong Pan, Xi'an

Sylvia LF Pender, Southanpton

Max S Petrov, Awuckland

George Y Wu, Farmington

STRATEGY ASSOCIATE EDITORS-IN-CHIEF
Peter Draganov, Florida

Hugh J Freeman, VVanconver

Maria Concepcion Gutiérrez-Ruiz, México
Kazuhiro Hanazaki, Kochi

Akio Inui, Kagoshima

Kalpesh Jani, Baroda

Javier S Martin, Punta del Este
Natalia A Osna, Omaba

Wei Tang, Tokyo

Alan BR Thomson, Edmonton
Harry HX Xia, Hanover

ASSOCIATE EDITORS-IN-CHIEF
You-Yong Lu, Bejjing

John M Luk, Pokfulan

Hiroshi Shimada, Yokobama

EDITORIAL OFFICE

Jian-Xia Cheng, Director

World Journal of Gastroenterology

Room 903, Building D, Ocean International Center,
No. 62 Dongsihuan Zhonglu, Chaoyang District,
Beijing 100025, China

Telephone: +86-10-5908-0039

Fax: +86-10-8538-1893

E-mail: wig@wjgnet.com

http:/ /www.wignet.com

COPYRIGHT

© 2011 Baishideng, Articles published by this Open-
Access journal are distributed under the terms of the
Creative Commons Attribution Non-commercial
License, which permits use, distribution, and repro-
duction in any medium, provided the original work
is propetly cited, the use is non commercial and is
otherwise in compliance with the license.

SPECIAL STATEMENT

All articles published in this journal represent the
viewpoints of the authors except where indicated
otherwise.

INSTRUCTIONS TO AUTHORS
Full instructions are available online at http://www.
wignet.com/1007-9327/¢_info_20100315215714.htm.

ONLINE SUBMISSION
http:/ /www.wignet.com/1007-9327office

(49

Boiohidengs  WJG | www.wijgnet.com

1

June 28, 2011 | Volume 17 | Issue 24 |



W J

World Journal of
Gastroenterology

Online Submissions: http:/ /www.wjgnet.com/1007-9327office

wjg@wijgnet.com
doi:10.3748 /wjg.v17.i24.2879

World | Gastroenterol 2011 June 28; 17(24): 2879-2889
ISSN 1007-9327 (print) ISSN 2219-2840 (online)
© 2011 Baishideng. All rights reserved.

EDITORIAL

How to protect liver graft with nitric oxide

Hassen Ben Abdennebi, Mohamed Amine Zaouali, Izabel Alfany-Fernandez, Donia Tabka, Joan Rosell6-Catafau

Hassen Ben Abdennebi, Donia Tabka, Laboratory of Human
Physiology, Faculty of Pharmacy, University of Monastir, 5000,
Monastir, Tunisia

Mohamed Amine Zaouali, Izabel Alfany-Fernandez, Joan
Rosell6-Catafau, Unit of Experimental Hepatic Ischemia-
Reperfusion, Institut of d’Investigacions Biomédiques de Barce-
lona, Consejo Superior de Investigaciones Cientificas, Barcelona,
08036, Spain

Mohamed Amine Zaouali, Joan Rosell6-Catafau, Unitat de
Transplantament de Fetge i Viabilitat de I’Empelt, Institut d’In-
vestigacions Biomediques August Pi i Sunyer, Barcelona, 08036,
Spain

Author contributions: Ben Abdennebi H, Zaouali MA, Alfany-
Fernandez I, Tabka D and Rosello-Catafau J participated in the
writing of the review.

Supported by The Ministerio de Sanidad y Consumo (P1081988),
Ciber-ehd., Instituto Carlos III and Ministerio de Asuntos Exte-
riores y de Cooperacion/AECI (A02987/09 and A/031197/10).
Zaouali MA is a fellowship-holder from the Catalan Transplanta-
tion Society

Correspondence to: Dr. Joan Rosell6-Catafau, Unit of Ex-
perimental Hepatic Ischemia-Reperfusion, Institut of d’Investiga-
cions Biomediques de Barcelona, Consejo Superior de Investiga-
ciones Cientificas, C/ Rossello, Barcelona, 08036,

Spain. jrcbam@iibb.csic.es

Telephone: +34-93-3638333  Fax: +34-93-3638301
Received: November 17,2010 Revised: January 18,2011
Accepted: January 25,2011

Published online: June 28, 2011

Abstract

Organ preservation and ischemia reperfusion injury as-
sociated with liver transplantation play an important
role in the induction of graft injury. One of the earliest
events associated with the reperfusion injury is en-
dothelial cell dysfunction. It is generally accepted that
endothelial nitric oxide synthase (e-NOS) is cell-pro-
tective by mediating vasodilatation, whereas inducible
nitric oxide synthase mediates liver graft injury after
transplantation. We conducted a critical review of the
literature evaluating the potential applications of regu-
lating and promoting e-NOS activity in liver preservation
and transplantation, showing the most current evidence
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to support the concept that enhanced bioavailability of
NO derived from e-NOS is detrimental to ameliorate
graft liver preservation, as well as preventing subse-
quent graft reperfusion injury. This review deals mainly
with the beneficial effects of promoting “endogenous”
pathways for NO generation, via e-NOS inducer drugs
in cold preservation solution, surgical strategies such as
ischemic preconditioning, and alternative “exogenous”
pathways that focus on the enrichment of cold storage
liquid with NO donors. Finally, we also provide a basic
bench-to-bed side summary of the liver physiology and
cell signalling mechanisms that account for explaining
the e-NOS protective effects in liver preservation and
transplantation.

© 2011 Baishideng. All rights reserved.

Key words: Cold ischemia reperfusion injury; Endotheli-
al nitric oxide synthase; Nitric oxide; Liver graft preser-
vation; Ischemic preconditioning; Liver transplantation
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INTRODUCTION

Ischemia-reperfusion (IR) injury during liver transplanta-
tion (LT) is a complex, multi-factorial process in which
numerous mediators and a variety of cells interact, lead-
ing to tissue damage. It is one of the major cause of both
initial poor function and primary non-function of liver al-
lograft, and is responsible for 81% of re-transplantations
during the first week after surgery. An intricate network
of hepatic and extra-hepatic mechanisms is involved in
the genesis of hepatic IR""”.
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Cold storage and warm reperfusion are unavoidable
steps in transplantation and all grafts undergo some de-
gree of IR injury. The cascade of events involves micro-
vasculature (sinusoidal endothelial cells or SEC), Kupffer
cells, Ito cells, parenchyma (hepatocytes) and bile ducts.
Cold ischemia during organ storage, which is intention-
ally applied to reduce the metabolic activity of cells in or-
der to preserve the graft before its transplantation, has a
substantial effect on graft function. Also, warm ischemia
that begins at implantation has an additional negative im-
pact on graft function and outcome. Whatever the type
of attack, liver graft damage initiated during the ischemic
phases is exacerbated after reperfusion with oxygen and
the reintroduction of blood elements.

Although our understanding of the pathophysiology
of IR injury is only partial, many response elements in-
dicate that vascular endothelium disruption, the immune
response, oxidative mediators, and several cell-death
pathways all play important roles. A variety of mediators
have been implicated, including reactive oxygen species
(ROS) and inflammatory mediators tumor necrosis factor
(INF)-a, interleukin (IL)-6, IL-1, transforming growth
factor-P, interferon-y and endotheline (ET)-1. Further-
more, complement and chemokines are also released,
which leads to leukocyte recruitment and activation.
Upregulated adhesion molecules, including intercellular
adhesion molecule 1 and E-selectin, enhance endothelial-
immune cell interactions. ROS directly injure many cyto-
skeletal and functional cellular components, causing cell
damage. After IR, direct endothelial damage and abnor-
mal vascular tone occurs as a result of an imbalanced
sensitivity to mediators of vasoconstriction and vasodila-
tion, such as ET-1/nitric oxide NO). Endothelial injury
also causes cell swelling and narrowing of the vascular
lumen, further reducing blood flow. Finally, key regulators
of apoptosis, such as caspases, are upregulated resulting
in increased cell death.

It is now largely appreciated that IR associated with
LT leads to a rapid endothelial dysfunction characterized
by a marked decrease in NO production™. The decrease
in NO bioavailability occurs within the first few minutes
after reperfusion, and appears to be due to decreased
synthesis of NO by NO synthase (NOS), enhanced in-
activation of NO by the overproduction of superoxide
anion (O2-), or both. Experimental studies emphasize
that it is essential to minimize the deregulation of hepatic
microcirculation during LT,

NO is a free-radical diatomic gas of low molecular
weight with an unpaired electron®™. Tt is highly lipophilic,
allowing it to permeate quickly across the cell mem-
branes. Its half-life 7 vivo is a few seconds, and it is rapid-
ly converted to stable nitrites (NO2-) and nitrates (NO3-)!".
Endogenous NO is synthesized from the amino acid
precursor L-arginine in an oxidation reaction, catalyzed
by the NOS enzymes. This complex reaction requires the
presence of co-substrates O2 and NAD(P)H (nicotina-
mide adenine dinucleotide phosphate reduced), as well as
many cofactors such as flavin adenine dinucleotide, flavin
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Boishidongs  WIG | www.wjgnet.com

mononucleotide and BH4 (tetrahydrobiopterin) B9 There
are three isoforms of NOS expressed in the liver in dif-
ferent cells and in different conditions, namely endothe-
lial NOS (e-NOS), neuronal NOS (n-NOS) and inducible
NOS @(i-NOS). Both e-NOS and n-NOS are constitu-
tively present in liver. The exact role of n-NOS in the
pathophysiology of IR injury during LT remains to be
established"”. n-NOS has been observed within neurons
innervating the portal tracts by histochemical methods,
and several authors believe that this protein is scarcely
expressed in the liver""'"?. In contrast to inducible NOS,
constitutive NOS activation requires Ca™.

Like any important signaling molecule, NO diffuses
freely across cell membranes. Under physiological condi-
tions, NO binds to soluble guanylate cyclase inside cells
and then induces the production of large quantities of
cGMP (guanosine 5’-monophosphate), which then trig-
gers the signal (Figure 1)“3]. In vive, NO is inactivated
mainly by superoxide anion, but other pathways could
be involved. The first pathway involves the autoxidation
of NO to NOz- and then to NOs-. Other pathways may
be mediated by metal-catalyzed oxidation reactions. The
copper-containing protein ceruloplasmin (P-Cu”") has
been shown to rapidly oxidize NO to NO2- in physiologi-
cal conditions"*". In addition to the P-Cu” -mediated
reaction, ferrous deoxygenated hemoglobin (Hb-Fe** Os;
oxyhemoglobin) rapidly converts NO to NOs-.

e-NOS ACTIVITY AND e-NOS-
DERIVED NO PRODUCTION IN LT:
PATHOPHYSIOLOGICAL ASPECTS

e-NOS is constitutively expressed in venous and arterial
endothelial cells and it produces small quantities of NO
(at picomolar levels)!'. Tt is the main source of NO in
endothelial cells under physiologic conditions”. e-NOS is
also induced in response to specific extracellular stimuli,

" and metabolic stress (Figure 1,
[19,20

such as shear stress
e-NOS is localized to the caveolae””, which are micro-
domains of the plasma membrane that have been impli-
cated in a variety of cellular functions, including signal
transduction. Caveolin proteins are the major coat pro-
teins of caveolae, and in endothelial cells e-NOS binds
to caveolin-1. Caveolin-1 and other peptides from the
caveola region directly inhibit e-NOS activity™*, This
complex membrane structure is sensitive to the fluid
pressure on the membrane.

The e-NOS activation can also be triggered through
the signalling pathway involving serine/threonine kinase
Akt [or protein kinase B (PKB)], which in turn is stimu-
lated by the phosphoinositide 3-kinase (PI3K) 22 eNOS
is one of the targets of Akt. An important step in this
activation is the phosphorylation by Akt of the serine
residue in position 1179 (bovine sequence) or serine 1177
(human sequence) of the e-NOS enzyme™*, Therefore,
Akt-dependent e-NOS phosphorylation may be an im-
portant mechanism in the attenuation of IR injury after

June 28, 2011 | Volume 17 | Issue 24 |
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Figure 1 Endothelial nitric oxide synthase-derived nitric oxide synthesis.
Shear stress leads to endothelial nitric oxide synthase (e-NOS) phosphorylation
and through pathway involving phosphoinositide 3-kinase (PI3K) and Akt. Meta-
bolic stress also phosphorylates e-NOS through the adenosine monophosphate
kinase (AMPK) route. The coordination of signalling through these converging
pathways allows for e-NOS activation. L-arginine is converted in the endothe-
lium monolayer by the constitutive e-NOS to nitric oxide (NO) and L-citrulline.
NO diffuses into both the vessel lumen and the vessel wall, thereby activating
soluble guanylate cyclase (sGC) to produce cyclic guanosine monophosphate
(cGMP) from guanosine 5'-triphosphate (GTP). NO in concert with cGMP in-
volve tissue protection.

L-Citrulline

LT. Treatment of liver grafts with adenovirus encoding
for myr-Akt improves biochemical and cytoprotective
parameters after orthotopic LT' in pigs, in comparison to
uninfected groups™”’.

Recent reports demonstrate that metabolic stress can
elicit adenosine monophosphate protein kinase (AMPI),
which stimulates phosphorylation of e-NOS protein and
increases NO bioavailability in endothelial cells'"****, The
e-NOS-derived NO, in turn, decreases hepatic levels of
ET-1, improves hepatic microcirculation and significantly
attenuates TNF-o hepatic expression and, remarkably,
reduces the activation of caspase-8 and caspase-3 after
ort™.

In addition to its key role in vascular tone regula-
tion, studies have shown that NO is involved in several
other protective routes (Figure 2). Animal studies have
shown that eatly in the reperfusion petiod, tissue dam-
age appears to be associated with decreased NO avail-
ability related to e-NOS down-regulation”””"). Similarly,
the use of NOS inhibitors leads to IR damage™. Tt has
been demonstrated that e-NOS-derived NO inhibits the
production and release of several endothelial vasocon-
strictor factors, including ET-1". NO also interferes
with the adhesion and aggregation of platelets, adhesion
of leukocytes and monocytes to endothelial cells in ves-
sel walls™*, Tt also modulates the expression of pro-
inflammatory molecules, such as vascular cell adhesion
molecule-1 and monocyte chemoattractant protein 1.
Furthermore, NO is emerging as an endogenous inhibi-
tor of TNF-a.. NO decreases endothelial permeability
and also exerts anti-mitogenic effects in vascular smooth
muscle cells by inhibiting their growth and proliferation.

However, other lines of evidence suggest that ROS
production after LT reduces e-NOS activation, which
becomes uncoupled and perturbs e-NOS-detived NO ho-
meostasis”’ (Figure 3). In parallel, i-NOS is transcription-
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ally up-regulated in all liver cells, leading to the production
of large amounts of NO for persistent periodsm. Exces-
sive NO generation can be detrimental, because it may
alter systemic vascular tone and reactivity, leading to hypo-
tension and circulatory shock™. In addition, the genera-
tion of peroxynitrite (ONOO-), a potent oxidant formed
by reacting NO with 02" could also cause cell injury
through lipid peroxidation, direct inhibition of the mito-
chondrial respiratory chain™**"! inhibition of membrane
Na' /K" ATPase activity, or oxidative protein modification
such as the formation of nitrotyrosine™”. Thus, NO acts
as a double-edged sword since it has neither harmful or
beneficial effects, depending on its source and the experi-
mental conditions.

The importance of e-NOS for hepatic injury after
cold storage/warm reperfusion in transplanted liver
grafts has been investigated. The functions of mouse
liver grafts retrieved from e-NOS-deficient donors and
those from wild-type donors were compared after or-
thotopic transplantationm. e-NOS-deficient liver grafts
intensified IR injury, as shown by increased ALT, necrosis
and apoptosis, and elevated graft infiltration of mono-
cytes/macrophages. In addition, both flow rate and sinu-
soidal diameter were diminished after transplantation of
e-NOS-deficient grafts. All these alterations are detected
from 4 h after LT. In another study, decreased hepatic
bioavailability of NO was detected as eatly as 1 h after
reperfusion of human liver transplants'™. This decline
was attributed to a reduction of e-NOS protein levels af-
ter reperfusion, rather than to a change in e-NOS mRNA
transcription. The concerned mechanism would be a rap-
id turnover/degradation of the e-NOS enzymeml. The
extent of the alteration of e-NOS protein expression de-
pended on the duration of preservation, because the loss
of e-NOS was exacetbated after 6 h of cold ischemia
The stimulus for the rapid decrease in e-NOS expression
is not known.

LT depletes serum arginine due to a massive release of
arginase I from cold-injured liver parenchymal cells***.
The depletion of arginine decreases tissue arginine avail-
ability, with subsequent down regulation of e-NOSH,
In contrast, enhancement of arginine availability through
arginase blockade can protect against hepatic IR injury.
The results demonstrate that inhibition of arginase with
nor-NOHA can partially reverse the arginine depletion
seen in IR injury and improve the histopathological dam-
age following transplantatioan]

MODULATION OF e-NOS-DERIVED NO
PRODUCTION FOR LT

The quality of cold preservation is a major detriment of
initial graft function and survival. While cold ischemia is
considered necessary to slow tissue metabolism, it causes
well-documented lesions in the SEC™. The SEC is the
main target cell of reperfusion injury, at least during the
eatly phase[so]. Endothelial dysfunction leads to NO de-
ficiency, which has been implicated in many disorders.
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Figure 2 Protective effects of endothelial nitric oxide synthase-derived nitric oxide. The multifactorial consequences are derived from the nitric oxide (NO) gen-
eration on oxidative stress (reactive oxygen species), proinflammatory [interleukins (ILs), tumor necrosis factor (TNF)] and vasoconstrictor (endothelins) mediators.

e-NOS: Endothelial nitric oxide synthase; ROS: Reactive oxygen species.
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Xanthine oxidase
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Figure 3 Tissue damage after unbalanced nitric oxide production. Cold
ischemia reperfusion involves uncoupled endothelial nitric oxide synthase (e-
NOS) and inducible nitric oxide synthase (i-NOS) expression. Large amounts of
nitric oxide (NO) are produced under these pathological conditions. NO, in as-
sociation with increased mitochondrial dysfunction and oxidative stress, reacts
with superoxide anion (Oz-), to produce peroxynitrite (ONOO-). Peroxynitrite, in
concert with other oxidants, induces tissue damage.

The morphological changes in these cells interfere with
the hepatic microcirculation during reperfusion (adhesion
and activation of platelets and leukocytes, and throm-
boses)”". So, improving quality of graft preservation is
a means to promote its immediate function, to optimize
the allocation of grafts and also to reduce the shortage
of organs. Various strategies have been developed to pro-
mote immediate recovery of graft function and also to
increase access to the marginal donor pool.

Many strategies could be developed to compensate
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Figure 4 Modulation of the decline in endothelial nitric oxide synthase-
derived nitric oxide production. endothelial nitric oxide synthase (e-NOS)-
derived nitric oxide (NO) bioavailability can be compromised either by a
reduced L-arginine and cofactor (tetrahydrobiopterin, BH4) availability, or by a
decreased e-NOS protein activity and level. Two ways seem to be able to over-
come these obstacles: the use of exogenous sources of NO (NO donors or NO
inhalation) and the induction of the endogenous downstream effectors of e-NOS
(pharmacological treatment or ischemic preconditioning) or transfection by an
adenovirus containing e-NOS enzyme. SNP: Sodium nitroprusside; GSNO:
S-nitroso-L-glutathione; AICAR: 5-amino-4-imidazole carboxamide riboside;
TMZ: Trimetazidine; APC: Activated protein C; AMPK: Adenosine monophos-
phate protein kinase; PI3K: Phosphoinositide 3-kinase.

for the decline in NO production during LT. We can
distinguish two ways to promote NO production iz vive:
the endogenous and the exogenous routes (Figure 4).
The endogenous way consists of the use of arginine[sz]

June 28, 2011 | Volume 17 | Issue 24 |



to compensate for the deficiency of this NO precursor.
Other methods consist of directly influencing the activ-
ity of the e-NOS enzyme by adding to the preservation
solution one of its cofactors (BH4)[53]
ducers, to increase downstream effectors of e-NOS such
as Akt and AMPK"™"™, Transfection of donor liver by an

adenovirus containing the e-NOS enzyme could also be
57

, or one of its in-

¥ Ischemic precon-
ditioning (IP) could be an endogenous source of NOP,

envisaged before graft extraction

The exogenous route requires the use of an exogenous
source of NO, which may be given directly by inhalation
ot indirectly by an NO donor such as sodium nitroprus-
side (SNP) or S-nitroso-L-glutathione (GSNO)*"*,
These strategies have shown their effectiveness exper-
imentally, but are not always applicable in human clinical
contexts. NO can react with superoxide anions to form
ONOO-, a highly reactive oxidant, which can induce
apoptosis and cause structural and functional disorders
of the graft. This explains why some authors claim that
the contribution of NO during cold ischemia may be un-

[64]

necessarily risky, especially if given at a high dose™, and

the use of NO in humans is controversial at present.

NO GENERATION INDUCED BY THE
ENDOGENOUS PATHWAY

Pharmacological e-NOS induction during cold
preservation

The potentially protective role of endogenous NO in
IR-induced injury to the liver is supported by recently
published studies demonstrating enhanced hepatocellular
injury in post-ischemic animals that had been rendered
deficient in e-NOS. In addition, researchers have dem-
onstrated that over-expression of liver e-NOS protects
mice from IR-induced liver injury*"*,

Endogenous e-NOS activation and e-NOS-derived
NO might be a promising approach to limiting organ
injury. Several pro-survival pathways such as PI3K/Akt
and AMPK, which are activated following hepatic injury,
are involved in the regulation of e-NOS. Pharmacologi-
cal up-regulation of these pro-survival kinase cascades
may provide an approach to limiting cold ischemic insult.
In this regard, 5-amino-4-imidazole carboxamide ribo-
side (AICAR), carvedilol (CVD), trimetazidine (TMZ),
activated protein C (APC) and insulin-like growth factor
(IGF)-1 could be promising additives in preservation so-
lutions to improve the outcome of liver grafts after cold
storage and reperfusion.

Recent studies have shown that the enrichment of
University of Wisconsin (UW) with AICAR, an activator
of AMPK, ameliorated long-term liver preservation™
The protective effect of AICAR on liver injury and func-
tion seems to be mediated by enhanced e-NOS activation
and NO generation following AMPK phosphorylation,
which induces vasodilatation in liver graftsﬁs]. The rel-
evance of AMPK as an e-NOS upstream regulator was
evidenced by the administration of AraA, a phospho-
AMPK inhibitor, previous to liver graft preservation,

(49
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demonstrating that AMPK inhibition reduces e-NOS ac-
tivation and NO productionm. In line with these results,
Ben Mosbah ¢ a/*" demonstrated that the use of CVD,
a - and a-adrenergic blocking drug, when added to UW
preservation solution, protected livers through the same
mechanism”. Livers preserved in this solution show
decreased transaminases levels, improved vascular resis-
tance, reduced mitochondrial damage and enhanced ATP
levels after reperfusion.

However, the AMPK pathway is not the only e-NOS
modulator. Other authors have attempted to improve the
histidine-tryptophan-ketoglutarate (HTK) preservation
solution by supplementation with an anticoagulant and
anti-inflammatory agent, such as APC?. They found that
the modified HTK preservation solution dectreased portal
pressure and improved hepatic microcirculation through
increased NO hepatic levels via up-regulated e-NOS. In
addition, the solution attenuated TNF-q expression and
markedly reduced the activation of caspase-3 and cas-
pase—SW. Although the exact mechanism by which APC
activated e-NOS remains unclear, other in vitro reports
postulated that APC activated e-NOS via phosphati-
dylinositol 3-kinase-dependent phosphorylation, followed
by activation of PKB".

Recently, Institut Georges Lopez-1 (IGL-1) solution
has been proposed as an effective alternative to UW lig-
uid in clinical kidney transplantation, and in experimental
orthotopic LT models”"™". In addition, we recently dem-
onstrated that IGL-1 is more suitable than UW solution
for fatty liver preservation and that the benefits from
IGL-1 were linked to an increment of NO synthesis
through e-NOS activation which, in turn, reduced oxida-
tive stress and liver injurym.

TMZ, which has been used as an anti-ischemic drug
in the heart for over 35 years, reduced liver injury and
improved liver regeneration and survival rate in an ex-
perimental model of partial hepatectomy under hepatic
blood inflow occlusion”™. Studies examining the under-
lying protective mechanisms of TMZ as an additive to
UW solution for liver preservation suggest that AMPK
up-regulation is the mechanism by which TMZ activates
e-NOS and exerts its cytoprotective effect™. Another
study demonstrated that TMZ attenuated myocardial
IR injury »ia PI-3K/AKT kinase pathway activation'”!
We recently found that the addition of TMZ to IGL-1
solution has a synergistic effect on e-NOS-derived NO
generation that favours HIF-1or accumulation during
normothermic reperfusionm]. Preserved HIF-1q levels
contribute to the increase in the over-expression of cyto-
protective proteins such as HO-1 in fatty liver grafts.

It has been established that IGF-1 up-regulates e-NOS
activity by interacting with a tyrosine kinase membrane
receptor which activates the AKT signalling pathwaym’m.
Furthermore, trophic factors, including IGF-1, have
been added to UW solution in an attempt to improve
the survival of pig orthotopic liver allografts after cold
storagem. To this end, we explored the effects of the
addition of IGF-1 to IGL-1 solution on fatty liver pres-
ervation during cold IRI. We examined the mechanisms
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responsible for such effects, including AKT phosphory-
lation and NO generation. We have demonstrated that
the beneficial action of IGF-1 as an additive to IGL-1 is
mediated by AKT activation and NO generation, with
concomitant prevention of pro-inflammatory cytokines,
such as TNF-¢"".

Surgical e-NOS induction by IP

IP is a technique described firstly in the heart by Murry
et a/™ in 1986, which consists of the application of
short and repetitive periods of I/R before a sustained
one. The protective effect of IP is not specific to the
myocardial muscle, since it is observed in other organs
such as skeletal muscle””, brain™", intestines™, lungs[sz],
kidneys"™ and liver™. In any case, the protection indu-
ced by IP against IR injury seems to be specific to each
organ and animal species, depending on the number of
IR cycles applied before the sustained IR. For example,
3-4 cycles are needed for the protection of myocar-
dium'™ whereas in the liver just one cycle of 10 min
of ischemia and 10 min of reperfusion is sufficient for
maximal protection””.

In the heart, IP offers an initial protection of 2-3 h
after reperfusion, and a remote protection after 12-24 h
that lasts for 2 to 3 d. A similar pattern was observed in
the liver, although remote protection is not yet well es-
tablished. Moreover, a differential IP protection was ob-
served in the liver, also depending on the animal species.

Molecular mechanisms responsible for hepatoprotection
The molecular basis of IP is a sequence of episodes trig-
gered by a rapid signal, which leads to an intracellular
message and to the amplification of the effector mecha-
nisms of protectionlw. The benefits of IP are caused by
the release of several inflammatory mediators such as
adenosine and NO, which is followed by the activation
of multiple cellular signals. NO is generated by the ad-
enosine released (activation of adenosine A2 receptors),
which in turn activates the endothelial constitutive form
of the e-NOS enzyme™*, a few minutes after IP. The
window of liver protection induced by IP is defined by
two factors: (1) the concentration of adenosine must be
high enough to induce NO; and (2) the concentration
of xanthine must be low enough to avoid its prejudicial
effects. It is well established that a high concentration
of xanthine would support significant increases in su-
peroxide anion. This would react with NO to generate
peroxynitritelgéj, which would cancel the beneficial effects
of IP. Vasodilator effects of NO release improved liver
oxygenation and microcirculation™] and also inhibited
the generation of ET, powerful vasoconstrictors gener-
ated during liver reperfusionmj.

In addition, IP preserves energy metabolism during
sustained ischemia®*”, This is confirmed by the mainte-
nance of ATP levels, as well as the depletion of lactate
accumulated during the ischemic period. This beneficial
effect is mediated by the increase of AMPK, whose acti-

vation can be mediated by NO™.
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The activation of the G protein-bound A2 receptor
by adenosine stimulates the activity of many intracel-
lular kinases, such as protein-kinase C (PKC) and p38
MAPK". In addiction, recent studies implicate PKC
in some of the beneficial effects of IP in liver. They
show that PKC activation depends on the phosphoryla-
tion of different effector molecules, such as the tyrosine
kinases”” and MAPK (including p38 and MAPK"™, and
increases the tolerance of hepatocytes and endothelial
cells to the ischemic insult.

Many transcription factors are involved in PKC acti-
vation, such as nuclear factor (NIF)-kB, which is respon-
sible for the protective effects of PI”*” These transcrip-
tion factors modulate the expression of particular genes,
resulting in the synthesis of proteins such as heat shock
proteins (HSP), which are understood to be effectors for
the benefits of IP". In the liver, IP is associated with
the synthesis of many inducible forms of HSP: HSP70,
HSP2 and HSP73 and heme oxygenase (HO-1/HSP32).
The induction of HSP depletes the binding between
pro-inflammatory transcriptional factors and improves
the oxidant capacity of the cells”™. Both effects could
contribute to the decrease in TNF-¢ and to the attenu-
ation of the inflammatory response of preconditioned
livers”™"™. Tt was also suggested that IP could reduce the
transcription of genes, such as ¢fos and ¢-un, implicated
in the development of the hepatic IRI, and that NFxB
activation could induce the activation of signal translator
and transcription activator 3, implicated in hepatoprotec-
tion and cell proliferation[sg’94’%’lm’102].

The beneficial role of NFxB in IP is controversial.
Whereas Funaki ¢ @/ demonstrate that the protective
role of IP is associated with the inhibition of NFkB acti-
vation, other authors suggest the opposite, showing that
these effects are due to NFkB activation”*””. These dif-
ferences could be attributed to differences in the models
used. Besides these cellular signalization pathways, recent
studies show that IP could induce the release of small
quantities of ROSs"" and TNF-q, contributing to the
protective mechanisms.

Applications to LT

Several studies in animal models have demonstrated the
usefulness of IP, but its application to clinical transplanta-
tion needs to be clarified. The first clinical application was
carried out by Koneru e al'™ who used IP in deceased
donor LT. They showed that deceased donor liver toler-
ated 5 min of hilar clamping, but IP did not decrease graft
injury. More recently, Azoulay ez al"™ demonstrated that
the effects of 10 min of IP of the liver graft in the donor
are associated with better tolerance to ischemia, as well as
a worsened eatly liver function. These studies are consis-
tent with those by Jassem ez al"™ who demonstrated the
protection of cadaver donor livers subjected to IP prior to
retrieval by clamping of the hepatic pedicle for 10 min at
24 h after transplantation. This was evidenced by a signifi-
cant decrease in transaminase levels, and a concomitant
reduction of the non-specific inflammatory response.
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Similar results were obtained by Cescon ef "™ in a
prospective randomized study on cadaver donors, by the
use of 10 min of IP followed by 15 min of reperfusion.
These authors also demonstrated a significant reduction in
AST, ALT and i-NOS expression levels after transplanta-
tion.

Taking all this into account, new research work is
needed to establish the “effective protection” window
in human LT and confirm the usefulness of IP in clini-
cal transplantation, including the marginal graft donors,
which at present are discarded for clinical transplantation
purposes.

NO GENERATION INDUCED BY THE “EX-
OGENOUS PATHWAY"” DURING COLD
PRESERVATION

Some considerations

Many teams have sought to improve the performance of
storage solutions by supplementation with cytoprotective
agents. The bulk of the work on these specific modi-
fications was performed on cellular models in rodents.
Unfortunately, the benefits observed were not always
confirmed in humans and these changes have often led
to inconclusive results in clinical practice. Several NO do-
nors have been tested experimentally for their protective
effects on cold IR injury. However, due to the numerous
possible reactions and related biological consequences, in-
appropriate NO levels can cause a series of disease states.
On the other hand, insufficient NO production also has
serious medical consequences. NO donor therapy should
aim to achieve the production of the correct quantity of
NO in the correct place for the correct length of time.
The exogenous NO should acts primarily as a local me-
diator to respond to specific stimuli, and then it should
simply dissipate through diffusion and oxidation to NOz-
and NOs-, without the need for complex catabolism. The
chemical versatility of NO has led to the synthesis of a
wide range of NO donors, each with different modes
and rates of NO release. NO donors are pharmacologi-
cally active substances that spontaneously release NO (di-
rect donors) or are metabolized to NO (donors requiring
metabolism)""”.

The selection of one among these NO donors for
therapeutic uses is not easy, since it must meet certain
requirements. The compound must be highly soluble in
aqueous solutions and diffuse easily into cells, where it
produces NO. It must be a proven NO donor, remain in
a subtoxic range, have a prolonged half-life and mimic
the effect of the endogenous NO. Several authors have
amply evaluated the consequences of the use of NO
donors in liver under warm ischemia conditions, but little
work has been done on the effects on cold ischemia and
graft preservation. In our opinion the use of such donors
as additive to preservation solution is limited by their
short half-life.

Kuroki e a/'"” studied the effects of SNP on liver
warm IR injury. They reported improvement of liver
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microcirculation and hepatocyte injury in the eatly period
of reperfusion. In another study supporting this find-
ing, SNP infusion after a short period of liver ischemia
also decreased liver IR injury“”]. Interestingly, deleteri-
ous effects observed during cold storage conditions (like
vacuolated hepatocytes, increase in intrahepatic resistance
and diminution of bile production) were significantly
removed after addition of 500 mmol/L SNP to the UW
preservation solution®”. The authors assumed that ben-
eficial effects of SNP were mediated by NO release!.

In addition, GSNO has been evaluated in the liver.
GSNO may serve as an endogenous long-lived adduct
or carrier of NO"?, GSNO possesses significant anti-
platelet action at doses that cause mild hemodynamic
effects!"”. Thus, one possible mechanism by which the
NO-donor can protect the graft against IR-induced dam-
age could be based on its ability to block platelet aggrega-
tion, thus avoiding the intravascular coagulation that can
occur during reperfusion. Quintana ez al™*" evaluated the
benefit of the addition in UW solution of GSNO as a
NO donor. After assaying four GSNO concentrations (50,
100, 250 and 500 mmol/L), they reported an improve-
ment in the properties of UW solution when it contained
100 mmol/L GSNO. It preserved the morphology of
hepatocytes and endothelial cells and prevented the alter-
ation of the hemodynamics and function of livers after
cold preservation/reperfusion.

Some authors conclude that nitrite (NO2-) therapy
might prove beneficial in protecting organ function and
integrity during periods of IR such as those encountered
in organ transplantation"' """, Under physiological condi-
tions of pH and oxygen pressure, NOz- has been shown
to be a non-active metabolic end product of NO oxida-
tion with limited intrinsic biological activity!"”. How-
ever, under ischemic conditions, when e-NOS activity is
strongly decreased as a result of its essential dependence
on oxygen and the depletion on arginine, an increasing
body of evidence indicates alternative NO production
by NOS-independent routes. For instance, nitrite may be
reduced back to NO by the nitrite reductase action of de-
oxygenated hemoglobin"'”, acidic disproportionation""”,
or xanthine oxidoreductase (XOR)"*"'"*", In summary,
the use of NO:- in the field of cold preservation could
be considered for the following reasons: (1) it is a highly
stable substance with no potentially toxic effect; (2) it
selectively releases NO under conditions that subsist in
stored tissue, namely ischemia, hypoxia, or low pH; (3) it
increases XOR activity, which may compensate for com-
promised constitutive e-NOS activity in terms of NO
production, during hypoxia and acidosis; and (4) sodium
nitrite is an FDA-approved compound. However, the use
of nitrite in preservation solutions that contain allopuri-
nol (such as UW or IGL-1 solutions) would be ineffec-
tive, since this latter inhibits XOR.

NEW DIRECTIONS FOR THE FUTURE

Along these lines we have evidenced the relevance of
e-NOS system as a useful tool for liver preservation
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against cold ischemia reperfusion injury. However, new
potential strategies should be established in the future to
increase e-NOS activity and modulate the NO availability,
as well as to define the appropriate “therapeutic window”

to provide the most suitable graft protection during cold
storage and further during LT. A better knowledge of
understanding the molecular pathways involved may lead

to more efficient protective strategies to prevent early

cold reperfusion injury during transplantation based on

multifactorial activation of the endogenous cytoprotec-
tive e-NOS existing in preserved liver grafts.
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Abstract

The paper provides a basic review of intestinal micro-
flora and its importance in liver diseases. The intestinal
microflora has many important functions, above all to
maintain the microbial barrier against established as
well as potential pathogens. Furthermore, it influences
the motility and perfusion of the intestinal wall, stimu-
lates the intestinal immune system and therefore also
the so-called common mucosal immune system, re-
ducing bacterial translocation and producing vitamins.
Immune homeostasis at mucosal level results from a
controlled response to intestinal luminal antigens. In
liver cirrhosis, there are many changes in its function,
mostly an increase in bacterial overgrowth and trans-
location. In this review, probiotics and their indications
in hepatology are generally discussed. According to
recent knowledge, these preparations are indicated in
clinical practice only for cases of hepatic encephalopa-
thy. Probiotics are able to decrease the permeability of
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the intestinal wall, and decrease bacterial translocation
and endotoxemia in animal models as well as in clinical
studies, which is extremely important in the prevention
of complications of liver cirrhosis and infection after liv-
er transplantation. Probiotics could limit oxidative and
inflammatory liver damage and, in some situations,
improve the histological state, and thus non-alcoholic
steatohepatitis could be considered as another possible
indication.

© 2011 Baishideng. All rights reserved.
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INTRODUCTION

In recent years, probiotics have become a promising al-
ternative for the treatment of gastrointestinal and vatious
other diseases. Despite their initially described negative
influence on the course of disease, as in the case of acute
pancreatitis“], these medicines are considered safe and
their beneficial effects have also been intensively studied
and described in hepatology”.

INTESTINAL MICROFLORA

The average length of an average human adult intestine
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1s approximately 10 m and its irregular surface is covered
with one layer of epithelial cells that represent a surface
area of approximately 200 m’. The intestinal microflora
above all plays a very important role in the immune
reactions of the body. During fetal development, the in-
testine is sterile and becomes colonized with the first mi-
croorganisms after the passage of the fetus through the
birth canal. After birth, the intestine is very quickly colo-
nized with various microorganisms, the composition of
which is highly variable during the first few days of life.
After the first week, the intestinal microflora achieves
a stable composition that depends on the method of
birth, environment and type of nutrition. In breast-fed
infants, there is a predominance of bifidobacteria, while
in infants on milk formula, the number of bifidobacteria
can be several times lower. Breast-fed infants are there-
fore colonized sooner with bacterial strains whose com-
position resembles that of the intestinal microflora of
an adult”’. The initial colonization of the intestine also
plays a very important role in further development of
the individual, as the bacteria present may modulate gene
expression of epithelial cells and thus create a favorable
environment for themselves'”. The primary colonizers
are permanently settled in the intestine and determine
intestinal colonization with further bacterial strains later
in life, which are important for the final composition of
intestinal microflora in adulthood.

Major changes in the features of the intestinal eco-
system occur after weaningm. During this period, anaer-
obic bacteria such as Bacteroides spp. and Clostridium spp.
achieve a strong position and the intestinal ecosystem
evolves into its stable form. The intestinal microflora
contains a large amount of microbes that weigh more
than 1 kg; this quantity exceeds the number of cells in
the human body 10-fold. The microbial community of
the intestine consists of more than 500 species, most of
which have not been cultivated, and many that have not
been identified so far. The intestinal microflora contains
both bacteria that are fixed in the intestine (autochtho-
nous, resident) and bacteria that only pass through the
intestine (transient allochthonous)[(’]. Most of the bac-
teria in the intestine form an anaerobic biotreactor that
helps to digest difficult polysaccharides and synthesizes
micronutrients including vitamins and short-chain fatty
acids. The fermentation products of these bactetia can
provide up to 10% of the daily energy needed by an in-
dividual™. The composition of human gastrointestinal
microflora is given in Table 1.

The relationships between the host and their micro-
flora bacteria also play an important role in postnatal de-
velopment, maturation of the intestine and development
of the mucosal immune system.

The intestinal microflora has many important func-
tions, in particular to maintain the microbial barrier
against established as well as potential pathogens, and fur-
thermore, it influences the motility and perfusion of the
intestinal wall, stimulates the intestinal immune system,
and therefore also the so-called common mucosal im-
mune system, reducing bacterial translocation and produc-
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ing vitamins.

The digestive tract microflora is continuously influ-
enced by numerous physical, chemical and biological fac-
tors that can affect its balance, and therefore it represents
a constant potential source of digestive tract and whole-
body disease. Changes in the total amount, localization,
strain or species structure and in the metabolic activity
of microorganisms may occur. Impairment of digestive
tract microflora physiology can lead to disease or act as its
cofactor (infectious, medication-associated, post-antibiotic
and post-radiation diarrhea and colitis, functional diseases
of the digestive tract-chronic constipation, irritable bowel
syndrome, inflammatory bowel diseases, immunodeficien-
cies, colorectal carcinoma, some extraintestinal diseases
and last, but not least, also liver diseases)"”. In patients
with liver cirrhosis, abnormal colonization of the small in-
testine with colonic bacteria has been reported, while the
amount of these bacteria in the small intestine of healthy
individuals is small. There is a reciprocal regulatory activity
between intestinal microflora and the motility of the small
intestine, where the motility is regulated by the presence
of intestinal bacteria. Inhibition of gastric acid produc-
tion induces bacterial overgrowth in the small intestine,
whereas the overgrowth of its proximal part correlates
with bacterial translocation into the extraintestinal space,
such as the mesenteric lymph nodes, liver and spleen.

CHANGES IN INTESTINAL MICROFLORA
IN PATIENTS WITH CHRONIC LIVER
DISEASES

Intestinal bacterial overgrowth was described in approxi-
mately one-third of patients with alcoholic cirrhosis,
ascites or advanced liver dysfunction. The main causes
are considered to be anchylosis and hypochlorhydrosis, a
decrease in IgA secretion and malnutrition caused by liver
dysfunction, and possibly alcoholism. Also, the decrease
in intestinal motility associated with cirrhotic liver damage
facilitates bacterial overgrowth in the small intestine. The
impaired immune mechanisms of the mucous membrane
of the small intestine facilitating bacterial overgrowth can
be one explanation of the repeated and common infec-
tions in patients with liver cirrhosis. In particular, the
spontaneous infection of ascites-spontaneous bacterial
peritonitis (SBP)-is a frequent and severe condition™"”,
In contrast, suppression or eradication of intestinal fac-
ultative anaerobic gram-negative bacteria prevents their
translocation and SBP, both in cirrhotic rats and in liver
cirrhosis patients.

As a result of bacterial overgrowth, bacterial transloca-
tion may occur, and portal hypertension also plays an im-
portant role. It leads to vasodilation of the intestinal mu-
cous membrane, edema of the lamina propria, fibromus-
cular proliferation and hypertrophy of the muscularis mu-
cosae. Furthermore, the integrity of the intestinal mucous
membrane is compromised; toxic influences of alcohol,
disturbances in biliary secretion, malnutrition, decrease
in growth factor secretion (insulin-like growth factor 1),
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Microorganisms

Numbers of microorganisms (CFU/mL or CFU/g)

Stomach Jejunum lleum Colon
Total bacterial count 0-10° 0-10° 10>-10° 10"-10"
Aerobically growing agents
Family enterobacteriaceae 0-10° 0-10° 10%-107 10*-10"
Streptococci 0-10° 0-10* 10%-10° 10°-10"
Staphylococci 0-10° 0-10° 10-10° 10*10’
Lactobacilli 0-10° 0-10* 10>-10° 10°10"°
Yeasts 0-10° 0-10° 10%-10* 10*10°
Anaerobic bacteria
Bacteroides Rare 0-10° 10>-10" 10"°-10”
Bifidobacteria Rare 0-10* 10’10’ 10*-10"
Peptostreptococci Rare 0-10° 10>-10° 10'°-10*
Clostridia Rare Rare 10>-10* 10°-10"
Eubacteria Rare Rare Rare 10%°-10"

changes in bile composition and flow or increased levels
of nitric oxide may be present, as well as portal hyperten-
sion. The increase in intestinal permeability is conspicu-
ously proportionate to the degree of portal hypertension,
but it is independent of severity and etiology of liver
impairment“”. In patients with liver cirrhosis and portal
hypertension, vascular resistance decreases and splanchnic
flow increases. These changes lead to hypoperfusion and
hypoxia of the mucous membrane further compromising
the vascular wall. As a consequence of this, translocation
of intestinal bacteria occurs easily“zj.

The term bacterial translocation was used for the
first time in 1979, Bacterial translocation is defined as
active or passive penetration of live microorganisms and
their toxic products across the epithelial layer of the mu-
cous membrane to the lamina propria mucosae. Micro-
organisms then migrate to the lymph nodes and/or into
extraintestinal locations. Under normal conditions, this
refers to the small amount of bacteria that are destroyed
by the immune system of the lamina propria. Transloca-
tion is only possible when there are a high number of
bacteria; the literature reports up to 10° bactetia in 1 g
of stool".

Bacteria that escape phagocytes, as well as destruc-
tion by complement, can reach the circulation. Enferobac-
teria, staphylococei and enterococei are able to translocate, i.e.
pass alive across the intestinal epithelium into the mes-
enteric lymph nodes, blood and other organs, while most
other anaerobic microorganisms lack this ability. Bacte-
rial translocation can be verified by positive cultivation
from mesenteric lymph nodes. The main mechanisms
leading to translocation include a deficit in the local im-
mune response of the mucous membrane, a decrease in
phagocytic activity of macrophages as well as neutro-
phils, an increase in the permeability of the intestinal
barrier, and intestinal bacterial overgrowth“‘ﬂ.

Factors that influence bacterial translocation can be
divided into 3 groups. These are the bacterial factor,
comprising the nature of the translocating agent and the
status of the surrounding physiological microflora, the
morphological and functional state of the intestinal wall,
and not least the so-called defensive factors, i.e. local and
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. . . P . 16,17
systemic antibacterial activities of the orgamsml 7 All
of these systems are impaired in patients with liver cit-

- [18]
rhosis"?.

PROBIOTICS

The history of probiotics started at the beginning of
the last century with Metchnikoff"”; however, German
authors often report a study by Dédetlein as the first
description of a possible probiotic 16 years before Metch-
nikoft proposed the use of vaginal lactate-producing bac-
teria for the inhibition of pathogenic bacteria growth, and
attributed the higher average age of certain ethnic groups
to the increased intake of fermented milk products and
recommended their use.

Probiotics were originally defined as “microorganisms
causing growth of other microorganisms”, and later on
as “live microorganisms that cause or support the bene-
ficial balance of autochthonous microbial population of
the gastrointestinal tract (GIT)”. These microorganisms
do not have to be an essential permanent component of
the GIT, but should have a “beneficial influence on the
general and health status of an individual”. Currently,
probiotics are defined more precisely as “monocultures
or mixed cultures of live microorganisms that, if ad-
ministered to a person, positively influence the host by

improving the properties of his/her own microflora”".

UTILIZATION OF PROBIOTICS IN
HEPATOLOGY

In the Cochrane Library Review, there is currently no
unambiguous recommendation for administration of
probiotics in any indication in hepatology. According
to the World Gastroenterology Organisation Practice
Guideline “Probiotics and prebiotics” are probiotics in
hepatology indicated only for hepatic encephalopathy[Z]J,
and in clinical practice, probiotics are now administered
in principle only in the above-mentioned treatment of
hepatic encephalopathy, with the disadvantage of a high-

er price compared to the standard treatment. The use of
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probiotics in the treatment of non-alcoholic steatohepa-
titis and in prophylaxis of infections, or some complica-
tions in patients with liver cirrhosis, can be expected in
the future.

Liver encephalopathy

It is believed that gut-produced ammonia plays a key role
in the pathogenesis of hepatic encephalopathy because
of the failure of the diseased liver to clear toxic products.
Small intestinal overgrowth and delayed gastrointestinal
transit time in cirthotic patients plays an important role™.

Lactulose and non-absorbable antibiotics currently
hold a dominant position in the treatment of liver en-
cephalopathy. One of the effects of lactulose may be a
probiotic effect on lactobacilli that reduce the activity of
bacterial ureases, resulting in a decrease in hyperammo-
nemia. Probiotics can also have a similar effect and are
already included in some recommendations for the treat-
ment of minimal liver encephalopathy™.

As early as the 1960s, the beneficial effect of Lacto-
bacillus acidophilus was described on the course of liver
encephalopathy in patients with liver cirrhosis™. In a
more recent study on 97 patients, the beneficial effect
of a synbiotic (mixture of a probiotic and prebiotic)
on minimal liver encephalopathy was observed, with a
decrease in ammonium levels as well as the improve-
ment of symptoms of encephalopathy[zs]. Minimal liver
encephalopathy is described as an otherwise inexplicable
impairment of cognitive functions such as prolonged
psychomotor tempo, lack of attention, impairment of
fine motor functions and the perception of visual sensa-
tions that can only be detected using special neurophysi-
ological tests, and is present in 30%-70% of patients
with liver cirrhosis without liver encephalopathy. In the
treatment of advanced liver encephalopathy, a beneficial
effect of Enterococcus faecinm was observed, the adminis-
tration of which led to an improvement in clinical status,
electroencephalogram findings and a reduction of am-
monium levels[zﬂ; the treatment of the Enferococcus strain
SF69”" also had a similar effect. A mixture of probiot-
ics®™ may have an even better effect. A combination of
Bifidobacterium + fructo-oligosaccharides also demon-
strated a significant reduction in the Trail Making Test B,
a significant increase in the Symbol Digit Modalities Test
and Block Design Test and improvement in some labo-
ratory ﬁndingsm].

A study confirming improvement of liver encepha-
lopathy during long-term administration of probiotic
yogurts with the advantage of excellent adherence with
potential for long-term adherence™ is also of interest.

So far, there are only very few experimental studies,
however, the studies comparing the efficacy of probiotic
preparation Golden Bifid and lactulose on an experimental
rat model of minimal hepatic encephalopathy induced
by thioactamide showed excellent effects in lowering
the level of ammonemia and endotoxemia, improving
hepatic histopathology of rats, and decreasing the inci-
dence of minimal hepatic encephalopathym.

The use of probiotics in common clinical practice as
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well as evaluation of the economic effect of the treat-
ment will, however, require further studies. At the mo-
ment, a study titled “Probiotic Lactobacillus GG (LGG) in
Patients with Minimal Hepatic Encephalopathy” is being
conducted at Virginia Commonwealth University and we
can only hope it will bring novel, positive results.

Effects on bacterial intestinal translocation, reduction in
infections or prophylaxis of liver cirrhosis complications
Infectious complications are very frequently caused by
bacterial strains that originate from the digestive tract.
Bacterial overgrowth, as well as the associated transloca-
tion of microbes across the dysfunctional mucous mem-
brane bartiet, occurs for the above-mentioned reasons, es-
pecially in liver cirrhosis. The small gut of cirrhotic rats is
contaminated by colonic microflora, which translocate to
mesenteric lymph nodes, and is the most important cause
of infection of ascites and spontaneous bacterial peritoni-
tis. The identity of microbial strains in the gut, mesenteric
lymph nodes and ascites was demonstrated by analysis of
macrorestricted fragments DNAP?,

In 50%-70% of patients with liver cirrhosis, bacte-
rial overgrowth occurs in the small intestine as a result
of gram-negative colon microflora contamination. As
a result, an impairment of the intestinal barrier with
increased bacterial translocation occurs. Apparently, it
is the most important point of entry of infection in cir-
rhotic patients; generally, infections are very common
in liver cirrhosis and can be involved in many compli-
cations associated with the disease. In the first animal
studies with short term application of Lactobacillus GG,
the treatment did not prevent translocation of colonic
microflora, although it was able to colonize the cecum in
90% of cirrhotic rats” . In later studies, preventive treat-
ment with Lactobacillus plantarnm inhibited an increase in
permeability after subsequent application of E. coli™
and Lactobacillus jobnsonii Lal with antioxidants were able
to decrease endotoxemia and prevent bacterial transloca-
tion in cirrhotic rats”™

In clinical studies, administration of a symbiotic reduced
the endotoxemia, which is an indicator of the degree of
translocation"". In our study, a reduction in endotoxemia
was achieved through administration of E. ¢/ Nissle for
42 d™. The clinical significance of this has yet to be veri-
fied, but the beneficial influence on the prophylaxis of se-
vere infectious complications, such as spontaneous bacterial
peritonitis, can be expected.

In both the above-mentioned papers, an improve-
ment in functional liver capabilities was observed, evalu-
ated according to the Child-Pugh classification. It can be
presumed that the recovery of physiological microflora
in the digestive tract will reduce the liver load of toxic
metabolites, above all endotoxin, which might potentially
be absorbed. It stimulates secretion of cytokines. The
cytokines, such as tumor necrosis factor-a. (INF-a),
interleukin-1 and interleukin-6 can influence the forma-
tion and degradation of the extracellular matrix, which is
important for the development of liver fibrosis as well as
during cirrhotic rearrangement””. Apart from the above-

5
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mentioned decrease in endotoxin levels, a direct decrease
in cytokine levels after administration of VSL#3 probiotic
has also been reportedw. There are some data show-
ing, that Se-enriched Lactobacillus can intervene in carbon
tetrachloride-induced liver injury in mice by enhancing
macrophage function to maintain normal and beneficial
effects, elevating antioxidant-enzyme activities, reducing
lipid peroxidation reaction and inhibiting excessive release
of TNF-o."”. However, this extremely important finding
will have to be confirmed. Another study with VSL#3,
presenting a trend of a reduction in plasma endotoxin, on
the other hand showed no change in the hepatic venous
pressure gradient or intestinal permeabilitym].

In liver cirrhosis of alcoholic etiology, the alcohol
itself may play a role, such as increased gut permeability,
endotoxemia, and TNF-q, productionw. In rats, Lacto-
bacillus GG has been shown to reduce alcohol induced
gut leakiness and steatohepatitism]. The same group also
found that the mucosa-associated microflora was altered
in rats on a high alcohol diet, and this dysbiosis could
be counteracted by Lactobacillus GG ot oat supplementa-
tion™. In a rat model of acute pancreatitis, synbiotic
(Lactobacillus acidophilus, Lactobacillus helveticus and Bifidobac-
terinm in an enriched medium) and metronidazole were
able to effectively protect against endotoxin/bacterial
translocation, as well as liver damage in the course of
acute pancreatitis and concomitant heavy alcohol con-
sumption. The beneficial effect of synbiotics on liver
histology seems to be correlated with endotoxemia. Met-
ronidazole did not produce such a beneficial effect; in
fact, it further worsened liver damage when alcohol was
added to the background of ongoing acute pancreatic
inflammation™.

However, no large randomization study has been car-
ried out as yet which would be relevant for clinical prac-
tice, although a recent study again confirmed the theo-
retic presumptions for beneficial action in this field™.
The “Probiotics for the Prevention of Major Complica-
tions of Cirrhosis” study, carried out in the Meir Medical
Center in Israel, was finished last year but its results have
not yet been published.

Non-alcoholic steatohepatitis

Fatty liver disease that develops in the absence of alcohol
abuse is increasingly recognized as a major health burden.
Non-alcoholic steatohepatitis (INASH) was first described
by Ludwig in 1980 as a disease that histologically mim-
icked alcoholic hepatitis and that also may progress to
cirrhosis™. The diagnostic criteria for NASH continue
to evolve and rely on the histologic findings of steatosis,
hepatocellular injury (ballooning, Mallory bodies), and
the pattern of fibrosis in patients with minimal intake of
ethanol (< 20 g ethanol/ d)"*". Recently, NASH has been
studied extensively as it is relatively frequent, and may lead
to the development of liver cirrhosis. So far, treatment has
not been established and probiotics may play an important
role, as the bacterial overgrowth and associated increase
of proinflaimmatory cytokines are important etiopatho-
genic mechanisms of NASH"™. Clinical studies so far
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have been missing in this field, but the positive effect of
probiotics has already been described in some laboratory
studies. In mice with non-alcoholic liver steatosis, treat-
ment with probiotics or anti-TNF antibodies improved
the histological picture of the degree of damage to the
liver parenchyma, led to a decrease in the alkaline phos-
phatase level, improved insulin resistance, and the content
of total fatty acids in the liver also dropped. In another
study on a model of non-alcoholic liver steatosis, treat-
ment with the probiotic VSL#3 or TNF-q, antibodies had
a positive influence on histological findings, the fatty acids
in hepatocytes were reduced, the ALT level decreased
and the expression of TNF-0""" was reduced. Similar
data suggesting that VSL#3 administration could limit
oxidative and inflammatory liver damage were published
in a more recent study”". Some previous studies showed
that a high fat diet caused obesity, hepatic steatosis and
natural killer T-cell (NKT cell) depletion™. The VSL#3
was also shown to increase hepatic NKT cell number and
reduce inflammatory signaling””. Another study indicated
that VSL#3 modulates liver fibrosis but does not protect
from inflammation and steatosis in NASH. It means, that
VSL#3 effects on fibrosis may occur even in the absence
of significant changes in markers of inflammation and fat
in the liver™.

In the Cochrane Library Review, there is currently
no unambiguous recommendation for administration of
probiotics in NASH, even if the results from pilot stud-
ies seem promising. Randomized clinical trials are neces-
sary to assess the clinical implication of probiotic thera-
py in non-alcoholic fatty liver disease and non-alcoholic
steatohepatitism. Two clinical studies on the effects of
probiotics on NASH are currently being conducted in
Hong Kong and in Israel. Hopefully their conclusions
will be encouraging,

Prophylaxis of infections after liver transplantation

In the past, several papers were published that confirmed
the positive influence of probiotic administration on
postoperative course after large abdominal surgery. The
studies are mostly of small sample size and exhibit design
flaws, but they showed statistically significant differences
in infectious complications in favor of synbiotics™* and
the synbiotic group did require significantly less days of
antibiotic therapy[sg].

Patients in the postoperative period after a liver trans-
plant are mainly at risk of infection by organisms, coming
in most cases from the digestive tract. As already dis-
cussed in the theoretical part of our paper, the transloca-
tion of bacteria or their parts across the intestinal wall into
the circulation occurs as a result of disturbances in barrier
function of the intestine and disturbance of the immune
system. Bacteria that translocated from the intestinal tract
can be carried through the circulation into more distant
systems and cause colonization or infection in extraintes-
tinal locations. A prospective, randomized, double-blind
study was published on 66 patients after liver transplanta-
tion, whereas half of the patients received a combination
of 4 Lactobacillus spp. together with the standard enteral
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nutrition. In the probiotic group, a significant reduction
in postoperative bacterial infection (3% against 48%) was
observed and the length of the antibiotic therapy was
substantially reduced®”. In our study on patients after liver
transplantation, we demonstrated a correlation between
an increase in endotoxin and the subsequent presence of
phenotypically as well as genotypically identical strains
(originally cultivated from the gastrointestinal tract) in an
extraintestinal location'". Monitoring serum endotoxin
levels can probably confirm bacterial translocation with
an increased risk of infectious complications and this
result further confirms the positive effect of probiotics
in patients after liver transplantation. However, the con-
clusion is similar from the perspective of evidence-based
medicine-use of prebiotics and probiotics in prevention
of bacterial sepsis after liver transplantation is promising,
Further randomized clinical trials are necessary.

CONCLUSION

Probiotics are becoming part of numerous therapeutic
modalities in hepatology, as their effect on intestinal
microflora can positively influence many liver diseases.
However, verification of the efficiency of this treatment
from the perspective of evidence-based medicine will be
difficult, as different probiotics can be expected to have
different effects in different diseases. With respect to the
increasing number of studies on probiotics, the future
prospects in this field are optimistic.
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Abstract

In spite of continuous research efforts directed at
early detection and treatment of pancreatic cancer, the
outlook for patients affected by the disease remains
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dismal. With most cases still being diagnosed at ad-
vanced stages, no improvement in survival prognosis is
achieved with current diagnostic imaging approaches.
In the absence of a dominant precancerous condition,
several risk factors have been identified including family
history, chronic pancreatitis, smoking, diabetes mellitus,
as well as certain genetic disorders such as hereditary
pancreatitis, cystic fibrosis, familial atypical multiple
mole melanoma, and Peutz-Jeghers and Lynch syn-
dromes. Most pancreatic carcinomas, however, remain
sporadic. Current progress in experimental molecular
techniques has enabled detailed understanding of the
molecular processes of pancreatic cancer development.
According to the latest information, malignant pancre-
atic transformation involves multiple oncogenes and
tumor-suppressor genes that are involved in a variety of
signaling pathways. The most characteristic aberrations
(somatic point mutations and allelic losses) affect onco-
genes and tumor-suppressor genes within RAS, AKT and
Whnt signaling, and have a key role in transcription and
proliferation, as well as systems that regulate the cell
cycle (SMAD/DPC, CDKN2A/p16) and apoptosis (TP53).
Understanding of the underlying molecular mechanisms
should promote development of new methodology for
early diagnosis and facilitate improvement in current ap-
proaches for pancreatic cancer treatment.

© 2011 Baishideng. All rights reserved.
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INTRODUCTION

Pancreatic cancer is a fatal illness that is characterized by
late diagnosis in the absence of early symptoms, which
results in identification of the illness at an advanced
stage. Despite all therapeutic efforts, the mortality of
pancreatic cancer remains high, with the number of
newly diagnosed patients nearly equaling that of de-
ceased patientsm.

The incidence of pancreatic cancer is constantly on
the rise, especially in regions of North America, Europe
and Japan. In the United States, pancreatic cancer repre-
sents the fourth most frequent cause of death from can-
cer. In Europe it ranks fifth. In 2009, 42470 new cases
of this disease were diagnosed, and in the same year,
35240 patients died of this disease”. One of the highest
incidence and mortality rates among EU countries is ob-
served in the Czech Republic, which, according to GLO-
BOSCAN 2008 data, ranks second in incidence (Figure
1A) and first in mortality (Figure 1B), followed by Hun-
gary and Finland. In the Czech Republic, pancreatic can-
cer is the 10th most frequent malignancy, and accounts
for 2.6% of all newly diagnosed neoplasms. In 2005, the
absolute number of newly diagnosed pancreatic cancer
cases was 901 in men and 876 in women. In that same
year, the absolute number of deceased persons from the
disease reached 1580 (819 men and 761 women)®.

Five-year survival for pancreatic cancer is < 5%,
mainly due to its late diagnosis, when it is already at an
advanced stagem. At the time of diagnosis, < 5% of
tumors are resectable. Median survival following surgi-
cal resection ranges from 13 to 21 mo. Without surgery,

. . . 2
median survival is 2 mere 2.5-8 mo'.

RISK FACTORS

Due to the relative rarity of pancreatic cancer, which is
characterized by a complexity of underlying carcinogen-
esis, it is likely that a combination of multiple factors
contributes to the initiation of the disease. Some factors,
such as smoking or alcohol intake, can be controlled,
while others such as age or family history cannot. Al-
though most risk factors do not directly cause the dis-
ease, level of exposure often influences cancer devel-
opment. As the treatment options are still limited and
the survival prognosis remains poor, identification and
evasion of the controllable risk factors becomes particu-
larly important for individuals at high risk”. The most
prominent pancreatic cancer risk factors are summarized

in Table 1.

Smoking and alcohol

Cigarette smoking represents one of the most signifi-
cant and most widely studied risk factors for pancreatic
cancer. The carcinogenic effect of tobacco smoke on
pancreatic tissue is explained as the direct action of
N-nitrosamines or their secretion into bile and their sub-
sequent reflux into the pancreatic duct. Active smoking

(49
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Figure 1 Standardized incidence (A) and mortality (B) rates for the 20
European countries with the highest occurrence of pancreatic cancer
(Adapted from GLOBOCAN 2008).
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Factor Type Group Maximum risk

to average ratio
Smoking Exogenous  Behavioral 3
Alcohol Exogenous  Behavioral ~Non-significant
Diet/ obesity Exogenous  Behavioral 1.72
Occupational hazard Exogenous Environmental -
Radiation Exogenous Environmental Inconclusive
Age Endogenous  Biological -
Race Endogenous  Biological/ 14

behavioral/
environmental
Family history Endogenous Genetic 32
Peutz-Jeghers syndrome Endogenous Genetic 132
FAMMM syndrome Endogenous Genetic 13.1
HNPCC Endogenous Genetic 7
Hereditary pancreatitis Endogenous Genetic 60
Chronic pancreatitis Endogenous  Behavioral 26.3
Diabetes mellitus Endogenous  Biological/ 2.0
environmental

Hormonal Endogenous  Biological Inconclusive
Allergy Endogenous  Biological =~ Non-significant

FAMMM!: Familial atypical multiple mole melanoma; HNPCC: Hereditary
non-polyposis colorectal carcinoma syndrome.

increases the relative risk of pancreatic cancer 1.5-3-fold,
depending on the number of cigarettes smoked and the
duration of this habit. Passive smoking has not been
shown to be a risk factor'”.

A number of epidemiological studies have focused on
the relationship between alcohol consumption and devel-
opment of pancreatic cancer. An analysis of 14 prospec-
tive studies has not confirmed any association between
alcohol consumption and a higher risk of pancreatic
cancer”. Only a very weak association has been demon-
strated in the case of alcohol consumption at a dose of
= 30 g/d, regardless of the alcohol source of beert, wine
or spirits. There is also a significant association with body
mass index (BMI), whereby a slight increase in cancer risk
has been described in persons with an alcohol consump-
tion of = 30 g/d and a BMI of < 25 kg/mz. From the
aforementioned, it is possible to infer that the association
between alcohol consumption and development of pan-
creatic cancer is only implied.

This association is apparently conditional on the
development of chronic pancreatitis, for which alcohol
is a known inducer, and chronic pancreatitis is an inde-
pendent risk factor for this cancer. It thus appears that
alcohol consumption at lower doses that do not damage
pancreatic tissue does not carry a higher risk for devel-
oping pancreatic cancer.

Diet and obesity

Based on a number of relevant studies, it is possible to
observe an association with a diet rich in animal fats
and higher consumption of meat (roasted, grilled or
fried). The results of studies that focus on the effect of
cholesterol, eggs, milk and dairy product consumption
on increased risk of pancreatic cancer are inconsis-
tent'). In contrast, a diet rich in fiber, fruit, vegetables

(49
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and vitamins, especially vitamin C, is considered to be a
protective factor'”. Omega-3 unsaturated fatty acids that
are contained mainly in fish oil also act protectively. A
similar protective effect has been shown for substances
that influence DNA methylation and synthesis, such as
folates. As demonstrated in an analysis of 14 prospective
studies, a positive association between alcohol consump-
tion and cancer has been discovered for alcoholics with
a low daily folate intake. Similar results have also been
observed in the case of methionine. No association with
coffee or tea consumption has been demonstrated”.
Obesity is a generally recognized risk factor for pan-
creatic cancer in men and women. In cases in which
prospective studies have evaluated BMI, men with BMI =
30 kg/ m” had a higher relative risk compared to women
with the same BMI"". One particularly interesting fact
is that physical activity did not reduce the risk in persons
with BMI < 25 kg/m’, but it was indirectly proportional
to the risk in persons with BMI = 25 kg/rnz. Physical
activity, which in its final effect leads to increased insulin
resistance, decreases the degree of risk in obese patients.

Occupational hazards

The possible influence of aromatic and heterocyclic
amines as well as exposure to chlorinated solvents in the
carcinogenesis of pancreatic cancer remains unclear. The
groups most at risk from this aspect include workers in
the petrochemical and rubber industry, as well as barbers
and hairdressers in whom exposure to these substances is
higher compared to the general populationm. In contrast,
the influence of heavy metals and especially cadmium, in
view of its accumulation in pancreatic tissue, has demon-
strated an accentuation of neoplastic processes. Another
element that is suspected of a carcinogenic effect on
pancreatic tissue is chromium. Nonetheless, occupational
exposure leads only to an imperceptible increase in the
relative tisk, in view of the minimal doses involved.

Radiation

A study published in 1990 has stated that ionizing radia-
tion does not increase the risk of pancreatic cancer".
These findings are based predominantly on research in
people who survived an atomic bomb explosion. The
notion that the pancreas is relatively non-sensitive to
ionizing radiation has been partially revised by a study of
the increased incidence of pancreatic cancer among em-
ployees of nuclear research centers in the United States
and other countries''”. Nonetheless, this reportlgJ has
stressed the significance of other concurrent risk factors
such as smoking, diabetes, positive family history, or any
other pancreatic disease.

Age and race

Age and race are the most prominent confounding factors
of pancreatic cancer risk. During the first three decades,
pancreatic cancer is a rarity, but from the age of 30 years
onwards, its incidence increases significantly, peaking in
the seventh to cighth decades, when 80% of adenocat-
cinomas are diagnosed. The mean age at diagnosis is 65
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years. Pancreatic cancer is diagnosed before the age of 50
years only in 10% of patientsm

With regard to racial differences, pancreatic cancer
demonstrates the highest incidence in Afro-Americans
in the United States, inhabitants of Northern Europe, in
Polynesians in Hawaii, and Maoris in New Zealand. In the
United States, the mortality of the Afro-American popula-
tion is 1.4 times higher than that of the Caucasian popula-
tion. This fact may be explained by a higher proportion of
smokers and patients with diabetes, and at the same time,

a positive family history of pancreatic cancer!'?,

Hormonal factors and allergy
Pancreatic cancer demonstrates a different incidence in
men and women. The cumulative risk in men is 0.2% and
0.1% in women. The lower incidence of pancreatic cancer
in women may point to a link between hormonal factors
and the development of cancer. The results of studies
dealing with the relationship between female hormones
and the development of cancer conducted to date have
been inconclusive. As studies conducted to date confirm,
this malignancy demonstrates minimal estrogen depen-
dency. Parity and duration of hormonal exposure are
negatively associated with the degree of risk of pancre-
atic cancer' ', In the case of postmenopausal women,
this risk is not influenced by hormonal substitution. In a
number of studies, pancreatic cancer is associated with
a higher number of deliveries, with earlier menarche and
late menopause, higher age during the first delivery, or
hormonal contraception. On the other hand, there exist
studies in which the aforementioned factors were associ-
ated with a decrease in the risk of pancreatic cancer. An
analysis of 10 case-control studies and five cohort studies
did not demonstrate any link between hormonal factors
and pancreatic cancer in women' . Indeed, additional fac-
tors, such as differences in life habits, may also contribute
to the different cumulative risks between men and women.
Studies published to date have demonstrated a de-
crease in the risk of pancreatic cancer in individuals with
allergies, especially respiratory allergy”s]. Longer survival
has been described in allergic patients who have under-
gone resection procedures compared to resected patients
with no allergies. The decrease in risk is most often as-
sociated with respiratory forms of allergy such as hay fe-
ver, and allergy to pollen and grass. The mechanisms of
the possible protective effect of allergy in patients with a
tumor is not exactly known'"”.

CHRONIC PANCREATITIS

At present, acute and chronic pancreatitis are considered
two pathogenically different disease entities; their rela-
tion to the genesis of pancreatic cancer is likewise quite
different. Although acute pancreatitis is not considered
a risk factor in terms of the index diagnosis, the concept
of a causal association between alcoholic, hypercalcemic,
trophic and hereditary forms of chronic pancreatitis and
increased predisposition to developing pancreatic cancer
is generally recognized. The obstructive type of chronic
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pancreatitis has been questioned as a risk factor by some
authors™,

Although no more than 5% of diagnosed cases of
pancreatic cancer can be explained by recurrent attacks of
chronic pancreatitis, the same genetic changes have been
detected in individuals with chronic inflammation of the
pancreas and pancreatic cancer. Chronic inflammation is
thought to induce genetic alterations in tissue, while the
ongoing healing process exposes defective cells to growth
factors; the result is a pathological microenvironment in
which stromal elements facilitate the neoplastic process in
epithelial cells (the so-called feeder theory)”!. According to
this theory, the effector cells of the inflammatory response
include active macrophages whose products, particularly
the cytokines tumor-necrosis factor (INF)-q, intetleukin
1L)-1, IL-6, IL-8, epidermal growth factor (EGF), platelet-
derived growth factor (PDGF), and transforming growth
factor (TGF) o and [ induce cell proliferation, angiogen-
esis and desmoplastic reaction, that is, processes that form
part of the pathogenesis of chronic pancreatitis and pan-
creatic cancer. IL-6 promotes the maturation of myeloid
precursors into macrophages, and TGF-o inhibits process-
es leading to apoptosis and stimulates progressive fibrosis.
Additionally, the same cytokine activates the transctiption
factor nuclear factor (NF)-kB, a mediator of inhibition of
programmed cell death. Its expression has been reported
in cases of chronic inflammation of the pancreas and pan-
creatic cancer. In addition, NF-kB upregulation promotes
the production of reactive nitrogen oxide and cyclooxy-
genase (COX)-2 and induces IL-8 expression. There have
been reports of an autocrine growth promoting effect of
I1-8, which is produced at increased rates in response to
hypoxia; particulatly in the center of tumor foci, thus hav-
ing a pro-carcinogenic and pro-metastatic effect. COX-2
responds to increased prostaglandin production in cases
of inflammation and cancer, facilitates cell proliferation
and angiogenesis, and is a potent inhibitor of apoptosis.
Additionally, COX-2 is involved in the transformation of
chemical carcinogens into their mutagenic derivatives. This
particular ability of COX-2 increases the risk of pancreatic
cancer in smokers. Immunohistochemical investigations
have shown that COX-2 expression is bound to pancreatic
islet Langerhan’s cells; as a result, increased expression of
the enzyme heralds islet inflammation.

One of the hypotheses of pancreatic cancer develop-
ment is based on the key relations between islet of Lang-
erhan’s inflammation, insulin resistance, growth pro-
motion, and diabetes. Additional products of activated
macrophages and neutrophil granulocytes in pancreatitis
and pancreatic cancer include reactive forms of oxygen
and nitric oxide, whose presence is causally related to
DNA structural defects™. The risk for developing a
malignancy in individuals with chronic pancreatitis is 16
times that of the healthy population. One study has re-
ported in patients with chronic pancreatitis, an increased
incidence of both extrapancreatic tumors (relative risk,
1.5) and pancreatic malignancy (relative risk, 18.5). When
one considers relevant only conditions that develop dur-
ing 4 years of chronic inflammation, then the relative
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risk increased by a factor of 15.6 for smokers, wheteas
there was no increase in non-smokers”’. A prospective
study of the French Cancer Registry, including 85% of
cases of chronic pancreatitis of alcoholic etiology, has
reported a relative risk of 19.0*Y, In a Czech study of
213 patients, 11 of whom had cancer, the prevalence of
pancreatic cancer was 5.1%. The interval from establish-
ing the diagnoses of chronic pancreatitis and pancreatic
cancer was 6-13 years. The cumulative risk for malig-
nancy in patients with chronic pancreatitis was shown to
increase in a linear manner, and was 1.8 and as high as 4.0
after 10 and 20 years, respectively[zs]. The priority of cur-
rent clinical research is to identify patients with sporadic
chronic pancreatitis who are at increased risk of devel-
oping pancreatic cancet.

GENETIC SUSCEPTIBILITY

Family history of pancreatic cancer

Familial pancreatic cancer (FPC) is defined as two or more
first-degree relatives with pancreatic cancer. As an inde-
pendent nosological unit, FPC represents only 3%-10%
of the total number of pancreatic cancers. Nonetheless,
the relative risk in such cases is 4.6-32 times higher, de-
pending on the number of afflicted persons within the
family™”. Only 20% of FPC patients demonstrate a ge-
netic abnormality. Nonetheless, individuals from families
with FPC should undergo genetic testing for the pres-
ence of hereditary breast and ovarian syndrome (BRCA1,
BRCA2). These mutations are most often identified in
FPC. The relative risk of pancreatic cancer in carriers of
the BRCA1 mutation increases to 2.26 and in the case of
the BRCA2 mutation to 3.5-8"".

Pancreatic cancer forms a component of a whole
range of hereditary diseases and syndromes.

Cystic fibrosis is an autosomal recessive disease that
is caused by mutations in the CFTK gene, and is charac-
terized by the production of viscous mucus, which apart
from blocking the airways, also leads to obstruction of
the pancreatic duct, which increases the risk of inflam-
mation. Patients with CF are at increased risk of chronic
pancreatitis and of pancreatic tumors™

Familial atypical multiple mole melanoma (FAMMM)
is an autosomal dominant disease that is characterized
by the occurrence of > 50 atypical nevi and malignant
melanoma in two or more first or second-degree rela-
tives. Approximately 10% of melanomas have a familial
incidence and the mutation of the CDKIN2A gene is
identified in -40% of these families'”.

Peutz-Jeghers syndrome is an autosomally dominant
hereditary disease with characteristic hamartoma polyps
of the gastrointestinal tract, and mucocutaneous melanin
pigmentation. Almost half of these patients are carriers
of a germinal STK77/ILKB1 gene mutation. Thus, af-
flicted individuals have a 36% risk (cumulative lifetime
risk) of developing pancreatic cancer™

Hereditary non-polyposis colorectal carcinoma syn-
drome (HNPCC) is another hereditary cancer syndrome,
for which the incidence of pancreatic cancer is typical.
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This syndrome is caused by mutations in mismatch re-
pair (MMR) genes MSH2, MLLH7, MSH6 and PMS2.
The average risk in carriers of MMR gene mutations is
5%-10%. Pancreatic cancer is approximately seven times
more frequent in carriers of MMR gene mutations, and
in these individuals, it is 15 times more often diagnosed
before the age of 60 yearsm. Apart from the aforemen-
tioned, pancreatic cancer can occur in association with
other diseases such as Li-Fraumeni syndrome, ataxia-
teleangiectasia syndrome, multiple endocrine neoplasia
type I syndrome (MENI) or Von Hippel-Lindau syn-
drome.

Hereditary pancreatitis

Hereditary pancreatitis is currently considered to be an
independent nosological unit. This is an autosomally
dominant disease with 80% penetrance. In patients
with hereditary pancreatitis, trypsin becomes activated
while still in the pancreas. This accounts for partial di-
gestion of the pancreatic tissue, which causes irritation
and inflammation. A strong genetic association exists
with mutations found in the PRSS7, SPINK7 and CFTR
genesm]. Patients with this hereditary pancreatitis have a
40-60-fold higher risk of developing pancreatic cancer.
If such predisposed individuals are smokers, then the
development of pancreatic cancer, or rather its diagno-
sis, shifts to younger age categories, in which it occurs
up to two decades earlier than in non-smokers. Similarly,
alcohol consumption also leads to earlier diagnosis of
cancer, also 20 years earlier”.

DIABETES MELLITUS

A mutual association between pancreatic cancer and dia-
betes mellitus has long been monitored. However, the
issue of mutual linkage is complicated by the fact that,
while long-term diabetes is considered to be an etiological
factor of the cancer, newly developed diabetes is an eatly
manifestation of the cancer™ .

The pathogenesis of diabetes associated with cancer
and the biochemical mediators involved have not been
completely elucidated. Its development due to the mere
destruction of pancreatic tissue by the tumor or as a
consequence of chronic pancreatitis is less probable. The
high prevalence of diabetes and disorders of glucose tol-
erance in small, eatly carcinomas (< 20 mm), and primary
detection of diabetes nearly 2 years before the diagnosis
of carcinoma, points to the influence of humoral markers
rather than to local effects of the tumor. Further research
is necessary to clarify the pathogenesis of carcinoma-
associated diabetes, and to uncover new markers that can
differentiate it from type 2 diabetes™. Newly developed
diabetes during a period of < 2 years prior to the diagno-
sis of carcinoma is a promising sign of the presence of a
completely asymptomatic carcinoma. This is why screen-
ing of sporadic, eatly pancreatic cancer in persons with
newly diagnosed diabetes is being considered. The interval
between primary detection of diabetes and the diagnosis
of carcinoma ranges between 5 and 29 mo"Y.

June 28, 2011 | Volume 17 | Issue 24 |



Zavoral M et a/. Biology of pancreatic cancer

Primary detection of hyperglycemia and diabetes
represent a reference point for the timely diagnosis of
sporadic pancreatic carcinoma before symptoms develop.
It is well known that the symptoms of pancreatic cancer
occur only weeks or months before diagnosis, which usu-
ally means that an advanced, non-resectable tumor is pres-
ent and expected survival is only 4-6 mo. If we monitor
glycemia in patients with small, resectable carcinomas (<
20 mm), then most suffer from disorders of glucose toler-
ance. Studies have demonstrated in 55%-65% of patients
with resectable carcinoma, a disorder of glucose tolerance
or newly developed diabetes during a period of < 2 years
prior to the diagnosis of carcinoma™ . Approximately
half of patients with sporadic carcinoma suffer from
diabetes, and in almost 50%, diabetes is diagnosed at the
time of carcinoma diagnosis. It is highly probable that dia-
betes precedes the diagnosis of the malignancy by several
months or even years. The aforementioned facts indicate
the application of pancreatic cancer screening in asymp-
tomatic individuals with newly diagnosed diabetes™.

Studies conducted to date have shown that the preva-
lence of diabetes (determined on the basis of the oral
glucose test, fasting blood glucose, and meeting American
Diabetes Association criteria) in patients with pancreatic
cancer is 45%-65%. In the original study, diabetes was
newly diagnosed concurrently with carcinoma in 40% of
cases™™. In other studies, the percentage of newly diag-
nosed diabetes was as high as 74%-88%. In summary, it
could be concluded that the majority of diabetes associ-
ated with pancteatic cancer represents de novo diabetes,
that is, diagnosed during a period of 2 years preceding
pancreatic cancer, and almost half of patients with early
carcinoma have diabetes. Moreover, diabetes that develops
in this way usually improves following pancreatic resection.

MOLECULAR MECHANISMS

Model of pancreatic neoplasia

Molecular mechanisms of solid cancer are very complex
with different mechanisms taking place and affecting
the tissue at different stages of the disease. Detailed
molecular mechanisms of initiation, development and
progression of pancreatic cancer have been thoroughly
studied since the basic principles of the disease were re-
vealed in the 1970s and 1980s”*". The classic model of
pancreatic cancer development describes morphological
as well as molecular transformation from precursor le-
sions into invasive carcinoma™!. The standard nomen-
clature and diagnostic criteria for classification of duct
lesions has primarily been based on grades of pancreatic
intraepithelial neoplasia (PanIN) ¥ The grades 1A, 1B, 2
and 3 represent growing cytological atypia characterized
by loss of polarity, nuclear crowding, enlarged nuclei,
pseudo-stratification and hyperchromatism. Each PanIN
stage is characterized by a distinct pattern of molecular
processes that are characterized by genetic irregularities
that affect specific genes and genetic pathways.

Proto-oncogenes and tumor suppressors
In the PanIN model, genetic alterations have a fundamen-

(4 9

Boishidengs  WIG | www.wjgnet.com

tal role affecting key guardians of cellular signaling, which
induces instability of entire molecular systems such as cell
growth, division, apoptosis and migration. Proto-onco-
genes code for proteins that act as positive regulators for
these systems, such as growth factors, signal transducers,
transcription factors or apoptotic inhibitors. Their mutated
forms, oncogenes, are often present in cancer cells. The
mutation causes the protein products of oncogenes to be
permanently activated, which results in uncontrolled cell
proliferation. Oncogenic mutations have a dominant char-
acter; therefore, deficiency of one allele (i.e. heterozygous
mutation) is sufficient for a fatal outcome. There are several
key proto-oncogenes involved in pancreatic cancerogenesis,
including KRAS, CTNNB1 (B-catenin), PIK3CA or AKT1.
The most common oncogenic mutation types are point
mutation, deletion, gene amplification, and gene rearrange-
ment.

Tumor suppressor genes code for proteins that act
against cell proliferation, such as signaling inhibitors, nega-
tive transcription factors, activators of apoptosis, or mem-
bers of DNA repair systems. As a result of genetic altera-
tion, their normal function may be reduced or eliminated
completely. Mutations in tumor suppressor genes have a
recessive character; hence, the cell looses their function
only when both alleles are affected. In the most common
case, desctibed as a double hit model, one allele is initially
mutated while the other is subsequently mutated or lost
completely™™. A separate mechanism of tumor suppressor
deactivation is by hypermethylationm. In pancreatic cancer,
the frequently affected tumor suppressors include TP53,
APC, SMAD4 and TP16. The genes most frequently mu-

tated in pancreatic cancer are listed in Table 2154,

Signaling pathways in pancreatic cancer c-MET/HGF
signaling pathway

The c-MET/HGF (hepatocyte growth factor) signaling
pathway is a key factor in early progression of pancreatic
cancer. The pathway is responsible for invasive growth
through activation of key oncogenes, angiogenesis and
scattering (cell dissociation and metastasis). c-MET is
a proto-oncogene that encodes an HGF receptor that
has a primary function in embryonic development and
wound healingm. Although c-MET mRNA is present at
very low levels in normal human exocrine pancreas, it is
upregulated in a majority of pancreatic cancers™™ as
well as in pancreatitis-affected epithelial cells”". Over-
expression of ¢-MET is also observed in regenerating
tissue affected by acute pancreatitis[iz], and it is seen as
an early event in pancreatic cancerogenesis”. HGF is a
ptrimary ligand of ¢-MET. Upon ¢-MET/HGF interac-
tion, several different signaling pathways are activated,
including the Ras, phosphoinositide 3-kinase (PI13K),
Janus kinase (JAK)/signal transducer and activator of

transcription (STAT) and B-catenin (Wnt) pathways.

Ras/Raf/MAPK pathway

The Ras/Raf/mitogen-activated protein kinase (MAPK)
pathway is one of the most studied and best described
signaling pathways in cancer™. The role of Ras/Raf/
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Gene symbols Protein name

Mutation frequency (%)

Type Main signaling or system

KRAS K-ras

TP53 Tumor protein p53
CDKN2A Tumor protein p16 (INK4A)
CTNNB1 B-catenin

SMAD4 DPC4 Smad Dpc4

APC Apc

PIK3CA Phosphoinositide 3-kinase

58
37
29
24
22
16

5

Proto-oncogene Ras/Raf/MAPK

Tumor suppressor Apoptosis Cell cycle control

Tumor suppressor Cell cycle control
Proto-oncogene Wt

Tumor suppressor TNFbeta/SMAD

Tumor suppressor Whnt
Proto-oncogene PTEN/PI3K/AKT

DPC: Deleted in pancreatic cancer; APC: Adenomatous polyposis coli; MAPK: Mitogen-activated protein kinase.

EGF

MAPK

Differentiation Inhibition Cell cycle Calcium
and of and signaling
proliferation apoptosis transcription

Figure 2 Ras/Raf/mitogen-activated protein kinase pathway.

MAPK signaling is critical for many cancerogenic pro-
cesses, including cell growth and division, cell differ-
entiation and migration, tissue healing and repair, and
angiogenesis. The central regulator of the signal trans-
duction from extracellular to intracellular environment
is Ras protein, which is localized at the inner wall of the
cellular membrane. Under normal physiological condi-
tions, the hydrophobic Ras protein is inactive and bound
to GDP. An extracellular signal coming through growth
factor transmembrane receptors (such as growth factor
receptors or cytokine receptors) promotes release of a
guanidine exchange factor SOS, which initiates removal
of GDP from Ras protein and its subsequent activa-
tion upon binding to GTP. Activated GTP-Ras complex
triggers a kinase activity of Raf kinase, which ultimately
results in activation of an MAPK, an important regulator
of DNA transcription and mRNA translation. Mutations
that affect any of the Ras/Raf/MAPK members produce
an increase in tumorigenicity. Aside from Raf and MAPK,
there are other downstream effectors of Ras protein, in-
cluding PI3K, thus providing crosstalk between multiple

pathways (Figure 2).
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PTEN/PI3K/AKT pathway

PTEN/PI3K/AKT is a significant signaling pathway
that is fundamentally based on regulated activation of
AKT oncogene through its localization at the cell mem-
brane®. The two important protein families involved in
the membrane localization of AKT are PI3K and PTEN
phosphatases.

PI3K is able to phosphorylate certain membrane-bound
lipids known as phosphoinositides. The PI3K-mediated
phosphorylation may progress in three stages, which pro-
duces phosphatidylinositol 3-phosphate (PIP), phosphati-
dylinositol (3,4)-bisphosphate (PIP2), and phosphatidylino-
sitol (3,4,5)-trisphosphate (PIP3). The phosphorylated
forms, PIPs and, to a lesser extent, PIP2, attract important
protein kinases to the cell membrane. The most prominent
is AKT, a family of setine/threonine protein kinases that
trigger a number of key cellular processes, including glu-
cose metabolism, cell proliferation, apoptosis, transcription,
and cell migration. AKT activity is strongly dependent on
its proper localization on the cell membrane. The position-
ing of AKT at the membrane is achieved through its strong
binding to PIPs. In pancreatic carcinogenesis, AKT1 acts
as an oncogene that upholds cell survival by overcoming
cell cycle arrest™", blocking apoptosis™ ", and promoting
angiogenesisl(’”. PTEN is a phosphatase that acts in opposi-
tion to PI3K. It has tumor suppression ability by converting
PIPs back to PIP2 and to PIP, hence disrupting membrane
localization and reducing activity of AKT"™. In most can-
cers, expression levels of PI3Ks and AKT are high, while
PTEN is often deactivated by mutation, or deleted com-
pletely. Through its key role in pancreatic carcinogenesis,
PI3K/AKT/PTEN signaling is an important target for
anticancer therapy.

JAK/STAT pathway

The JAK/STAT signaling pathway has an important role
in regulation of DNA transcription by transmission of
chemical signals from cytokine receptors into the cell
nucleus. The signal is passed upon phosphorylation of
receptor tyrosine residues by JAK prompting activation
and dimerization in a family of STAT proteins. Activated
STAT dimers initiate DNA transcription inside the nu-
cleus. It is known that inhibition of JAK/STAT signaling

induces apoptosis in various human cancers, and is there-
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fore, a primary focus for potential new drug candidates'®”.

A recent study has reported reduced growth of pancreatic
cancer cells 7 vitro when exposed to benzyl isothiocyanate
(BITC), due to its suppression of STAT3 signaling and
subsequent induction of apoptosis. This is suggested as a
possible explanation of the anticarcinogenic effect of cru-
ciferous vegetables (such as broccoli, cauliflower, cabbage
or horseradish) that are rich in BITC'*",

TGF-3/SMAD signaling

TGF-f is a ligand that binds to type II cytokine recep-
tor dimer, which then binds and activates type [ cytokine
receptor dimer, which triggers phosphorylation of
receptor-regulated SMADs (R-SMADs), mainly SMAD2
and SMAD3. In phosphorylated form, the R-SMADs
form a complex with SMAD4, which accumulates in the
nucleus and interacts with other factors to stimulate tran-
scription of genes that are important for cell cycle arrest
and migration. SMAD4 is therefore a key mediator for
TGF-f signals. Due to its frequent absence in proliferat-
ing pancreatic cancer tissue, it is also known as DPC or
“deleted in pancreatic cancer”, Relatively high frequency
of SMAD4 mutations and loss of heterozygosity at the
DPC4 locus (18q21.1) strongly suggest that the protein is
a primary tumor suppressor that is involved in pancreatic
cancerogenesis. However, reinstating SMAD4 expression
results in tumor growth suppression only iz vivo and not
in vitro. It has also been found that SMAD4-independent
pathways may be responsible for tumorigenic effect of
TGF- signaling’.

Whnt signaling

Wnt signaling is crucial to formation and maintenance
of endocrine pancreas{()ﬂ. During pancreatic carcinogene-
sis, Wnt triggers transcription of a number of genes that
have a direct impact on cell proliferation, differentiation
and migration[()sl. Activation of Wnt signaling is by inter-
action of a family of membrane-bound receptors known
as Frizzleds with Wnt ligands. Once activated, the down-
stream signals may proceed through separate pathways.
In a canonical pathway, signal transduction is mediated
by stabilization and translocation of [-catenin from the
cytosol into the nucleus followed by its interaction with
T-cell factor (HMG box) which activates transcription
of target genes. The localization of high expression lev-
els of B-catenin at the nucleus has been experimentally
confirmed for various high grade PanIN lesions, as well
as in advanced pancreatic cancer™. In a non-canonical,
B-catenin-independent pathway, other signal mediators
are involved, which block the -catenin-assisted tran-
scription. The nuclear localization of [B-catenin and high
expression levels of WNT5a, a gene involved in non-
canonical Wnt pathways, suggests involvement of both
pathways in pancreatic cancer progressionlég].

CDKN2A and cell cycle control

The cell cycle control genes have profound importance in
cancer and CDKIN2A is one of key factors in its negative
control. The CDKNZ2A has two promoters and alterna-
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tive splicing sites that result in two alternative protein
products: cyclin-dependent kinase inhibitor p16INK4a
and p53-activator p14ARFE. Although both proteins are
active in negative control of the cell cycle, only the func-
tion of pl16INKH4a is frequently lost in pancreatic tumors
due to point mutations, deletions or hypermethylation!.
p16INK4a protein (also known as p16) inhibits key ele-
ments of cell cycle progression at the G1 checkpoint. p16
inactivation is an early event in pancreatic carcinogenesis,
and low levels of p16 expression are associated with larger
tumors, risk of early metastases and poor survival",

MOLECULAR DIAGNOSTICS

A whole range of findings regarding the molecular biologi-
cal basis of malignant transformation in pancreatic cancer
has been published in recent years, and certain progress
has been achieved also in the diagnosis, staging and treat-
ment of localized tumors. In the fields of prevention, early
diagnosis, screening and treatment of advanced tumors,
which represent the majority of newly diagnosed cases,
research has failed to provide any fundamental discover-
ies that would significantly affect the prognosis of pa-
tients with pancreatic cancer. Better understanding of the
mechanisms of molecular genetics involved in pancreatic
carcinogenesis has enabled the identification of a number
of hereditary syndromes that in probands represent an in-
creased risk of cancer. An overview is shown in Table 377,

Carbohydrate antigen (Ca) 19-9 retains its dominant
role among tumor markers. It is the only marker to have
been applied in clinical practice, where it is used to de-
tect eatly recurrence in patients with an already known
diagnosis and those undergoing treatment”. Use of Ca
19-9 as a screening test has yielded unsatisfactory results.
This marker is not specific for pancreatic cancer and
may be elevated in various cholestatic syndromes, and
not necessarily a tumor. Moreover, the levels of secreted
Ca 19-9 are affected by positivity of the Lewis antigen a
and b, Table 4 presents an overview of other biomark-
ers being studied as potentially useful in the diagnosis of
pancreatic cancer'”,

Currently, none of the listed biomarkers meets the
criteria of utility for the detection of early carcinoma.
Even the promising marker PAM4 has demonstrated a
sensitivity of 54% in early stage 1a carcinoma and 75% in
™ The common denominator of the
failure of all biomarkers in eatly detection lies in their low

stage 1b carcinoma

sensitivity; in some cases, associated with difficult or an
invasive collection of biological material.

Detection of early pancreatic cancer in the general
population using currently available means is impossible.
Interest is now focusing on at-risk groups; especially
those in whom the risk of developing this cancer is at
least 10-fold higher compared to the general population.
This risk may be stratified into low, intermediate and
high!", Table 5 summarizes this risk stratification.

Several studies published recently have attempted to
detect early and resectable carcinoma in high-risk groups
with the aid of imaging methods”™>"". Screening exami-
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Table 3 Overview of hereditary syndromes predisposing to

pancreatic cancer

Syndrome Gene Life-time risk Relative risk
FAMMM CDKN2A 10%-15% 20-34
HBOC BRCA2 5% 10
HBOC BRCA1 Not known 2
Hereditary pancreatitis PRSS1/TRY1 30%-50% 50
Lynch syndrome MLH1/MSH2 Notknown Not known
Peutz-Jeghers syndrome ~ STK11/LKB1 36% 136
FAP APC Not known 4
Li-Faumeni syndrome p53 Not known Not known
FpPC Not known Up to 50% 18-57

APC: Adenomatous polyposis coli; FAMMM: Familial atypical multiple
mole melanoma; FAP: Familial adenomatous polyposis; FPC: Familial pan-
creatic cancer; HBOC: Hereditary breast and ovarian syndrome. Adapted

from™.
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Table 4 Overview of biomarkers in pancreatic cancer

Biomarker Sensitivity (%) Specificity (%)
CEA 45 75
Carcinoembryonic antigen-related cell 85 98
adhesion molecule-1

Ca19-9 80 73
SPan-1 81-94 75
DUPAN-2 48-80 75-85
Macrophage inhibitory cytokine 1 90 62
Alpha4GnT 76 83
PAM4 77 95
Pancreatic juice DNA methylation 82 100
Fecal K-ras 77 81

CEA: Carcinoembryonic antigen; CA19-9: Carbohydrate antigen 19-9;
DUPAN-2: Pancreatic cancer-associated antigen 2; PAM4: Peptidylglycine
alpha-amidating monooxygenase 4.

Table 5 Level of risk according to cumulative risk factors

Factors Risk level
Race/sex: Male; black; Ashkenazi Jewish descent. Exposures: obesity; smoking; diabetes mellitus; Helicobacter pylori infection. Low
Family history: Cancer history in a first-degree relative; history of pancreatic cancer in one first-degree relative. Inherited condi-  (less than 5-fold)
tions: Hereditary non-polyposis colorectal cancer; familial adenomatous polyposis; BRCA1 mutation carrier

Family history: History of pancreatic cancer in two first-degree relatives. Inherited conditions: cystic fibrosis; BRCA2 mutation Moderate

carrier. Comorbidity: Chronic pancreatitis

(5- to 10-fold)

Inherited conditions: FAMMM kindreds with p16 germline mutation and at least one case of pancreatic cancer in a first-degree High

or second-degree relative; hereditary pancreatitis; Peutz-Jeghers syndrome; BRCA2 or BRCAI mutation carrier with at least one (greater than 10-fold)

case of pancreatic cancer in a first-degree or second-degree relative. Family history: Three or more first-degree; second-degree or

third-degree relatives with pancreatic cancer

FAMMM!: Familial atypical multiple mole melanoma.

nations usually include some type of imaging method,
such as endoscopic ultrasound, magnetic resonance im-
aging, computer tomography, or genetic tests. Successful
identification of small tumors ot precursor lesions, cystic
tumors and intraductal papillary mucinous neoplasia is
now possible in the at-risk population to a higher degree
than in the general population. In cases in which solid
ductal adenocarcinoma is uncovered, these lesions are
usually resectable. Nonetheless, according to the avail-
able literature, recurrence has been demonstrated in all
such patients over a period of several months.

In recent years, clinical research has focused on iden-
tifying patients with chronic pancreatitis with a high risk
of developing pancreatic cancer. As discussed above,
the following risk factors have been identified to date:
smokingml, duration of chronic pancrcatitis[zsl, status
after surgery for chronic pancreatitis in symptomatic
individuals (recurrent pain, jaundice, weight loss, loss of
appetite)”, presence of a mutated form of the K-ras
oncogene in a sample obtained using fine-needle aspira-
tion biopsy or pancreatic duct brush cytology[78], loss of
suppressor gene pl6 expression'”, and polymorphism
of the uridine diphosphate glucuronyltransferase gene
(presence of the UGT1A7 allele causing low detoxifica-
tion activity of the enzyme)™.

In view of the completely different pathogenesis
of acute and chronic pancreatitis and thus the different

(49

Boiohidengs  WJG | www.wijgnet.com

relationship to the development of pancreatic cancer,
acute pancreatitis currently is not considered to be a risk
factor for the development of pancreatic cancer. On the
contrary, the association between alcoholic, hypercal-
cemic, tropical and hereditary chronic pancreatitis and
the increased risk of pancreatic cancer is generally valid.
The risk of developing pancreatic cancer in patients with
chronic pancreatitis is up to 16-fold higher compared to
the healthy population. K-ras mutations are detectable
in nearly 80% of patients with carcinoma. Detection of
K-ras mutations in patients with chronic pancreatitis may
thus be used in combination with other methods as a
screening test for the detection of early carcinoma®"

As described above, much attention is also being paid
currently to the relationship between newly diagnosed
type 2 diabetes mellitus and pancreatic cancer, whereby
diabetes is considered to be an early manifestation of
pancreatic cancer, preceding the usual clinical manifesta-
tions of this malignancy. Patients with newly diagnosed
diabetes will probably be considered to be at higher risk
than they are today and will be screened. However, pa-
tients with diabetes who are suitable for screening will
need to undergo multilevel selection, and the diagnosis
of diabetes itself will represent the first filter of such a
process. The second level should be the presence of one
of the current biomarkers, or preferably the identifica-
tion of a new marker with a higher predictive value. No
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such marker is currently available, therefore, predictive
computer models are also being envisaged.

Recent studies have demonstrated in pancreatogenic
diabetes mellitus a protective effect of metformin for
decreasing the risk of developing pancreatic cancer in
patients with chronic pancreatitis. In contrast, treatment
with insulin or its secretagogues increases the risk of
carcinoma in these patients[sz]

CONCLUSION

Uncovering the importance of basic risk factors such as
chronic pancreatitis and diabetes mellitus, along with a
detailed knowledge of fundamental molecular processes
is expected to assist in reducing mortality of pancreatic
cancer through development of new approaches for de-
tection of early stages of the disease. This will mainly be
applied to evaluation of the survival prognosis and ratio-
nal selection of therapy; most importantly, with respect
to options for radical surgical treatment. In addition,
identification of specific genetic aberrations may serve
as key molecular markers as predictors of response for
targeted therapies. The response prediction should not
only prolong survival, but also improve the quality of
life for most advanced stages of the disease.
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Abstract

AIM: To identify molecular markers shared across South
African esophageal squamous cell carcinoma (ESCC) cell
lines using cytogenetics, fluorescence /n situ hybridiza-
tion (FISH) and single nucleotide polymorphism (SNP)
array copy number analysis.

METHODS: We used conventional cytogenetics, FISH,
and multicolor FISH to characterize the chromosomal
rearrangements of five ESCC cell lines established in
South Africa. The whole genome copy number profile
was established from 250K SNP arrays, and data was
analyzed with the CNAT 4.0 and GISTIC software.

RESULTS: We detected common translocation break-
points involving chromosomes 1p11-12 and 3p11.2,
the latter correlated with the deletion, or interruption
of the £PHA3 gene. The most significant amplifica-
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tions involved the following chromosomal regions and
genes: 11q13.3 (CCND1, FGF3, FGF4, FGF19, MYEOV),
8924.21(C-MYC, FAM84B), 11q22.1-q22.3 (BIRC2,
BIRC3), 5p15.2 (CTWNDZ2), 3q11.2-q12.2 (MINA) and
18p11.32 (7YMS, YESI). The significant deletions in-
cluded 1p31.2-p31.1 (C7TH, GADD45a., DIRAS3), 2q22.1
(LRP1B), 3p12.1-pl4.2 (FHIT), 4q22.1-q32.1 (CASPE,
SMADI), 8p23.2-q11.1 (BNIP3L) and 18g21.1-g21.2
(SMAD4, DCC). The 3p11.2 translocation breakpoint
was shared across four cell lines, supporting a role for
genes involved at this site, in particular, the £PHA3 gene
which has previously been reported to be deleted in
ESCC.

CONCLUSION: The finding that a significant humber
of genes that were amplified (FGF3, FGF4, FGF19,
CCNDI and C-MYC) or deleted (SFRPZ gene) are in-
volved in the Wnt and fibroblast growth factor signaling
pathways, suggests that these pathways may be acti-
vated in these cell lines.

© 2011 Baishideng. All rights reserved.
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morphism arrays; Fluorescent /n situ hybridization
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INTRODUCTION

Esophageal squamous cell carcinoma (ESCC) is a major
cause of cancer-related death in the world and it is char-
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acterized by a peculiar epidemiology with worldwide geo-
graphic pockets of high incidence. In South Africa, the
region of the Eastern Cape shows the highest incidence
and ESCC represents the leading cancer affecting men
and the second most common cancer in woman with a
prevalence of 31.3 and 18 per 100000 individuals, respec-
tively'". The Gauteng (Johannesburg) and the Western
Cape regions are also affected but to a lesser extent™.
The tumors are diagnosed at advanced stages of the dis-
ease and patients have a poor survival rate. The etiology
of this cancer is unresolved and while the most com-
mon risk factors associated with ESCC include smoking
and alcohol consumption, these factors are surprisingly
lacking in some parts of the world that have a high in-
cidence such as in Iran and northern parts of China™.
Additional risk factors have been proposed to play a role
in some regions. In particular, exposure to fumonisin, a
Fusarium fungi toxin that grows on maize, was reported
in South Africa and China™ as well as human papilloma-
virus (HPV) infection”. Poor nutrition is associated with
ESCC in most parts of the wortld” and chronic inflam-
mation was described in endemic parts of South Africa®.
The respective part played by environmental risk factors
and potential genetic susceptibility remains unclear and it
is possible that different combinations of factors may be
at play in different parts of the world.

It is widely accepted that recurrent chromosomal
breakpoints in malignancies often pinpoint genes in-
volved in the initiation or progression of cancer”. A ma-
jor limitation in assessment of the chromosome comple-
ment in ESCC specimens is the difficulty in obtaining
metaphases from fresh tumors, and established cell lines
provide a unique resource for such investigations. The
number of ESCC cell lines that have been reported to
date remains limited and were all established in China"""?
and ]apanm]. These cell lines have been investigated with
one or several low resolution molecular cytogenetic tech-
niques including cytogenetics, fluorescence 7 sitn hybrid-
ization (FISH), multicolor FISH (M-FISH) or SKY and
conventional comparative genomic hybridization (CGH).
Various clonal aberrations have been identified and the
most common abnormalities across studies involved over
representation of chromosomes 1q, 3q, 11q and 8q as
well as breakpoints in the centromeric or near centro-
meric regions of chromosomes 1, 3 and g1,

Five cell lines have previously been established from
South Aftican ESCC parjentslls’16J but apart from cell line
SNO, which was karyotyped, these cell lines were never
characterized for their genetic constitution. We used con-
ventional cytogenetics, FISH, and M-FISH to identify
common chromosome structural abnormalities across
these cell lines. Affymetrix 250K single nucleotide poly-
morphism (SNP) arrays were performed to investigate
DNA copy number changes and the common aberra-
tions detected by M-FISH and conventional cytogenetics.
Here we describe clonal aberrations shared by these cell
lines and highlight preferential targets for chromosomal
rearrangements and copy number changes. These are the
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first ESCC cell lines from Africa to be genetically charac-
terized to our knowledge.

MATERIALS AND METHODS

Cell lines

The five esophageal carcinoma cell lines used in this
study were previously isolated from male patients with
moderately differentiated ESCCs"", These cell lines were
previously described and are designated as WHCOI1,
WHCO3, WHCO5, WHCO6 and SNO cell lines">'".

Cytogenetics

Cell lines were cultured at 37°C, 5% COzin Dulbecco’s
Modified Eagles medium: HAMS F12 (3:1) (GIBCO®,
Invitrogen Corporation, USA) containing 10% fetal calf
serum, 100 pg/mL streptomycin (ICN, Costa Mesa, CA,
USA) and 100 IU/mL of penicillin ICN, Costa Mesa, CA,
USA). When the cultures were half confluent, the cells
wete incubated with a final concentration of 0.44 pg/mL
of Karyomax® Colcemid® (Invitrogen Cotporation, USA)
for 4 h. Cells were then harvested by standard cytogenetic
procedure. Slides were either prepared for metaphase
analysis using GTG banding by standard procedures or for
FISH preparations.

M-FISH

M-FISH was performed using the SpectraVysion™ As-
say (Vysis®, Abbott Molecular Inc, IL, USA) according to
the manufacturer’s protocol. The slides were analyzed on
an Olympus BX41 fluorescent microscope with six single
band pass filters for visualization of the six fluorophores.
Genus™ CytoVision 3.0 software (Applied Imaging Cor-
poration, San Jose, California, USA) was used for image
acquisition and analysis. Ten metaphases were analyzed
per cell line.

FISH
FISH was performed on metaphase chromosomes from
all cell lines in order to confirm or refine translocation de-
rivative breakpoints and clarify their composition. Probes
specific for the short and long arms of chromosome 3,
the short arm of chromosome 1 and the long arm of
chromosome 22 (Qbiogene, Strasbourg, France) as well
as the Vysis® Cep 3 Alpha and Cep 1 Alpha SpectrumO-
range probes (Abbott Molecular Inc., IL, USA) were hy-
bridized to further map the breakpoints. The Vysis® LSI
IGH and Vysis® LSI RARA, both dual color break apart
rearrangement probes (Abbott Molecular Inc., 1L, USA)
were used to confirm the involvement of chromosomes
14 and 15 in translocation derivatives seen in cell lines
WHCOT1 and WHCO3 respectively. In order to establish
if the EGFR (epidermal growth factor receptor) gene
was involved in a marker chromosome 7 the Vysis® LSI
EGFR SO/CEP 7 SG probe (Abbott Molecular Inc., IL,
USA) was hybridized to metaphase chromosomes.

FISH was also performed on interphase nuclei from all
cell lines using the Vysis® LSI C-MYC SpectrumOrange
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probe and the Vysis® LSI t(11;14) dual color probe (Abbott
Molecular Inc., IL, USA). These probes target the C-MYC
gene (Spectrum Orange) on 8q24 and the CCNDT7 gene
(Spectrum Orange) on chromosome 11q respectively and
were used to confirm SNP array copy number results. A
hundred interphase nuclei were analyzed in each cell line.
All FISH experiments were performed according to the
manufacturer’s instructions and analyzed on an Olympus
BX41 fluorescent microscope equipped with appropriate
fluorescence filters. The Genus™ CytoVision 3.0 software
was used for image acquisition and analysis.

DNA isolation

DNA was extracted from the cell lines and from six blood
specimens obtained from healthy and population-matched
volunteers using standard phenol-chloroform extraction
methods. DNA was quantified on the ND-1000 Spectro-
photometer (Nanodrop® Technologies, Rockland, DE)
and quality assessed by gel electrophoresis.

SNP arrays and data analysis

Cell lines and control DNA were hybridized to the Af-
fymetrix® GeneChip® Human Mapping 250 K Nsp Ar-
rays (Santa Clara, CA). The GeneChip® mapping 500 K
protocols were used. The control group used as a refer-
ence for analysis was DNA samples extracted from whole
blood from black male volunteers.

Data analysis was performed using the Affymetrix®,
Genotyping Console™ 2.0 and the copy number analy-
sis tool (CNAT 4.0) software (Affymetrix®, Santa Clara,
USA). Subsequently data were analyzed with third party
software, Genepatternm. The signal intensities from
the CEL files were normalized by the PM-MM (perfect
match minus mismatch) probe intensity and quantile
normalization against the median intensity of the con-
trols. The raw copy number was then estimated as a ratio
against the signal intensities of the normal reference
samples. The log2ratios were smoothed using GLAD
(Gain and Loss analysis of DNA)".

To determine the significant common regions of
amplification and deletion (i.e. driver aberrations as op-
posed to random passenger aberrations) across the five
cell lines, the GISTIC (Genomic Identification of Signifi-
cant Targets in Cancer) algorithmmJ was applied to the
smoothed data. The algorithm first scores the regions of
copy number change according to their frequency and
amplitude, which indicates the likelihood of these regions
to represent a driver aberration (G-score). The statistical
significance of each G-score is calculated by comparison
of these scores against a null model of random aberra-
tions. This significance is represented as a g-value (False
discovery rate), which is the likelihood that the data was
generated by chance. The most probable locations for
oncogenes or tumor suppressor genes are identified by
calculating the minimal common regions of aberration,
which are most significantly altered i.e. high amplitude
change. The regions of aberrations with high G-scores
and minimal g-values (less than 0.25) are therefore more
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Figure 1 G-banded and multicolor fluorescence in situ hybridization rep-
resentative karyotypes of cell line WHCO1. A: G-banded karyotype; B: Multi-
color fluorescence in situ hybridization (M-FISH) karyotype, the arrows indicate
the marker chromosomes, der(1) t(1;14)(p11;q11) and del(7)(g21).

likely to contain target genes that have a significant role in
carcinogenesis. The chromosomal regions are then clas-
sified as high or low level where low level amplification
is considered for a log2ratio greater than 0.1 but smaller
than 0.9 and high level amplification is considered for a
log2ratio > 0.9 (0.9 corresponds to at least 3.7 copies per
diploid cell). Similarly low level deletions (hemizygous)
were considered for a log2ratio of -0.1 and homozygous
deletions were considered for a log2ratio < -1. The GIS-
TIC algorithm has been used for copy number analysis in

. . 2021
previous studies™?".

RESULTS
Cytogenetics and M-FISH

Cytogenetic analysis revealed complex numerical and
structural chromosome aberrations in all cell lines with a
high variability observed between cells from the same cell
line (Figures 1 and 2). The G-banded karyotype of cell
line WHCO1 and a corresponding M-FISH karyotype
that illustrates the degree of variation from one meta-
phase to another are shown in Figure 1. The M-FISH data
confirmed the complexity of the karyotypes and revealed
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Figure 2 Multicolor fluorescence in situ hybridization representative karyotypes showing complex rearrangements in four cell lines. A: Cell line WHCO3,
the white arrow indicates the der(15)t(1;15)(q11;p11); B: Cell line WHCOS, the white arrow points to the der(3)t(1;3)(p11-12;q11); C: Cell line WHCOB; D: Cell line
SNO, the white arrow points to the der(3)t(1;3)(p11-12;p11) and the yellow arrow indicates the marker chromosome 7, mar(7), which involves the EGFR (epidermal

growth factor receptor) locus (Figure 6).

the genetic composition of recurrent chromosome mark-
ers that could not be identified on G-banded metaphases
(Figure 2); some of these markers are further discussed
below. The detailed composite karyotypes obtained from
twenty metaphases in each cell line are summarized in
Table 1. All cell lines were near diploid except for cell line
WHCOD5 which was near tetraploid (Figure 2). Across the
five cell lines a total of 97 translocations, 19 trisomies and
11 monosomies were detected. The breakpoints amounted
to 203, with 78 of these clustering around the centromeric
regions of chromosomes. The chromosomes involving
the highest number of abnormalities were chromosomes 1,
3,5,7,8,9,10, 11,13, 14, 15, 18, 19, 20 and 22. G-banded
metaphases also revealed the presence of isochromosomes
involving the D group acrocentric chromosomes in all the
cell lines. In particular isochromosome 13q, i(13)(p10) was
common to cell lines WHCO3, WHCO5 and WHCOG6,
isochromosome 14q, i(14)(p10) was common to cell
lines WHCO1, WHCO5 and WHCOG, and isochromo-
some 15q, i(15)(p10) was seen in cell lines WHCO3 and
WHCOS5.

The combined results of cytogenetics, FISH and
M-FISH revealed 2 common translocation detivative, der
(3)t(1;3)(p11;q11) that combined chromosome 3 and
chromosome 1 short arms in cell lines WHCO5 and
SNO (Figures 2-4). The SNP array copy number data
did not bring further information on these breakpoints,
possibly due to a lack of SNP probes in this region.
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Figure 3 Partial G-banded karyotypes of the five cell lines showing shared
chromosomal aberrations across cell lines. Chromosome derivatives from
unbalanced translocations involving (A) chromosome 1p11-12 breakpoints in
four cell lines, 1911 in cell line WHCO3, (B) deletions of chromosome 7q in four
cell lines, and (C) deletions of chromosome 20q in three cell lines.
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Cell line Composite combined cytogenetics and M-FISH karyotype

WHCO1  42~73, XY, +X, +X [4], +1 [10], del 1(?) [4], + der(1)t(1;14)(p11;q11) x2 [18], t(1;14;22)(2;2:q?) [4], (1;22)(%:q?) [6], + 2 [8], (2:8)(2;?) [4], +3
[8], +del 3(p21p13) x2 [4], der(3;22)(q10;q10) [4], -4 [8], t(5;21)(2;?) [8], + der(5)t(5;?)(q23;?) [4], + del(6)(q?21) x2 [4], t(6:12)(2q;?p) [16],
t(6;13)(2q25:2q14) x2 [18], +7 [4], + del(7)(q21) [4], + der(7:14)(p10;q10) [20], der(7)t(7;18)(p21;q23) [16], der(7)t(7:19)(p22;p13) [4], der(8)t(8;?
19)(q?24;q?11) [4], £(8:22)(2;?) [18], +9 [10], + der(10)t(9;10)(q13;q?11.2) [4], +11 [8], t(11;17;20)(2;2;?) [4], +12 [10], t(13;22)(%;?) [4], add(14)(q?)
[4], i(14)(q10) [6], der(15;19)(q10;q10) [20], der(16)t(5;16)(2;?) [8], +18 [4], der(19)t(5;19)(p?12;q11) [12], der(19) t(5,19)(q33;q13.4) [18], +
der(19)t(9;19)(q?13;q713) x2 [4], t(19;21)(2;?) [14], +20, +20 [20], + der (20)t(1;11;20)(?;2;?) [4], +1~7mar [20] [cp20]

WHCO3  46~50, X, -Y, +2[12], der( )(5818)(q?,?,?) [20] + del 7(q22) [4], der(7)( 9)(2;?) [6], t(7;9:16; 18)(?,7,?,?) [14], t(7;15)(2;?) [4], +12 [6]

der(15;22)(q10;q10) [20] i(15)(q10) [ 1, der(16) (3 16; 22)(p711 22 q710) [20] +17 [10] der(220)t (9 13; 20)(7 2?) [10] der(21)t (13 21)( ?) [12]
[cp20]
WHCO5'  99~108, XY, t(X;4;10.22)(7 2:2:9?) 14] t(l 19)(? ?) 1, t(1; 18)(7 ?) [6] de12[2] der(2) (2 9)(q12;q13) 10] t2; 9)(7q31 7q34) 8],

)

del(7)(q31) [4]; (8 14, 18)(?,?,?) [16] t(8 18)(’ 7) 10], der(9) (9 14)(?7?) [16], (9 15)(q’ q’) (0], t(9 19)(%; ’) (61, (12 19)(7 ’) [4], i(13)(q10) [6],
i(14)(q10) [8], der(15)t(Y;15)(2;?)[12], der(15)t(7;15)(2;?) x2 [14], i(15)(q10) [4], der(19)del(19)(q13.22)t(5;19)(p?12;p11) [12], del(20)(q11.2) [12]
[cp20]

WHCO6  44~54, Y, -X, der(1)t(1;8)(p11;q11) [14], £(3;10)(2;?) [4], t(3;10)(2q13.3;p10) [6], t(4;10)(2;?) [4], t(5;10)(2;?) [10], £(5;22)(%:q?) [4], +6
[2], del(6)(q?21) [4]; t(6:11)(p12;q13) [6], der(22)t(6;22)(?;?) [6], +7[7], del(7)(q31) [8]; +8 [8], +(9;15)(?:?) [10], t(10;14)(?:?) [6], -11 [6],
t(11;22)(p?q?) [6], +12 [10], i(13)(q10) [6]; i(14)(q10) [6], +16 [8], t(17;19)(2;?) [10], +18 [4], del(20)(q?11.2) [6]; -21 [12], t(21;22)(2;?) [6],
der(22)t(6;22)(2;?) [6], [cp14]

SNO 29~43, XY, +X, del X(?) [14], der(Y;lS)(qu;qu) [12], t(1;16)(7 ?) [14] der(Z)t(X 2)(%; 7) [16] der(2)t(1; 2)(? ?) [18], der(3)t(l;3)(pll—12;q11) [20],

t(9; 16)(q722 q7l3) [20 der(17)t(6 17)(7 ?) 12] -18 [16] 19 [16] der(l9)del(l9)(ql3 2)t(5; 19)(q712 qu) [16] 20 [10] del(20)(q712) [16];
der(20;21)(q10;p10) [6], -21 [18], -22 [20] [cp20]

'Only structural rearrangements are listed due to the complexity of this cell line.

Figure 4 DAPI stained metaphasic chromosomes showing the der(3)t(1;3)(p11-12;q11) in cell lines SNO and WHCO5. A, B: Arm-specific paint for chromo-
somes 1p (green) and 3p (red) in cell lines SNO and WHCO5 respectively showing the derivatives der(3)t(1;3)(p11-12;q11) arrowed; C, D: Arm specific paint for chro-
mosome 1p (green) and Cep 3 o probe (red) in cell lines SNO and WHCO5 respectively showing that the centromere of chromosome 3 is retained on the derivatives
der(3)t(1;3)(p11-12;q11).
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Figure 5 CNAT plot of single nucleotide polymorphism hybridization results
showing the map of the region of deletion on chromosome 3p11.2-12.1 in
cell lines WHCO1, WHCO3, WHCO5, WHCO6 and SNO. The red bars indicate
the segment of deletion as determined by CNAT 4.0. The dotted lines indicate the
copy number status for each single nucleotide polymorphism probe for each cell
line. The blue block indicatés the minimal common region of deletion and the red
arrow indicates the two genes in this region, ¢3o0rf38 and CGGBP1.

Interestingly, the 1p11 breakpoint was also involved in
cell lines WHCO1 and WHCOG in differing unbalanced
translocations (Figure 3). The M-FISH and FISH results
with probes for the respective partner chromosomes and
centromeric Cepl, confirmed the interpretation of these
derivatives as der(1)t(1;14)(p11;q11) in cell line WHCOI1
and der(1)t(1;8)(p11;p11) in cell line WHCOG (results not
shown). In contrast, a translocation derivative also involv-
ing the chromosome 1 pericentromeric region in cell line
WHCO3 (Figure 3) was shown not to involve 1p11 but
1q11, and was interpreted as der(15)t(1;15)(q11-12;p11)
(result not shown).

Translocation derivatives involving chromosomes
3 and 22 were seen in cell lines WHCO3 and WHCO5
and were interpreted as der(16)t(3;16;22)(p11;2;q°11) and
t(3;22)(p11;q11) respectively (Table 1). The array data
showed corresponding hemizygous deletions at 3p11.2, in
cell line WHCO3. Interestingly deletions at 3p11.2 were also
observed in cell lines WHCO1, SNO and WHCOG6. The
minimal region of overlap was 343 kb (88184 220-88 527215
bp) in size and involved ¢3orf38 and CGG triplet repeat
binding protein (CGGBP7) genes. In addition the EPH.A3
gene was deleted in cell lines WHCOG6 and SNO (Figure 5).
The EPH.13 gene encodes a tyrosine kinase, which is mu-
tated in lung and breast cancers” Y,

Cell lines WHCO1, WHCO3, WHCO5 and WHCOG6
all showed a deletion of chromosome 7 long arm with
varying breakpoints, q21 to q31, on G-banded meta-
phases (Figure 3). However GISTIC analysis of the SNP
array data identified a significant common focal deletion
(g-value of 0.09) of approximately 5.16 Mb at 7q33-q34
(133721 542-138 880555 bp) in only three of these cell
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Figure 6 DAPI stained metaphase from cell line SNO showing fluores-
cence in situ hybridization results with the locus specific EGFR probe (red)
and Cep7 o (green). The arrow indicates the chromosome 7 marker with a
homogeneously stained region that contains the EGFR locus.

lines. This region contained 26 genes including the po-
tential target gene homeodomain-interacting protein
kinase-2 (HIPK2) the product of which activates p53 ex-
pression and is pro apoptotic””.

Although deletions at 20q11.2 were detected in cell
lines WHCO5, WHCOG and at 20q12 in cell line SNO on
G-banded metaphases (Figure 3), copy number analysis
(CNAT) revealed that there was in fact amplification of
20q sequences in all cell lines implying that complex reat-
rangement occurred for these sequences to be relocated
elsewhere in the genome. Two minimal regions of ampli-
fication were identified, the 20q11.21-q11.22, of approxi-
mately 1.12 Mb in size (31799867-32906 584 bp), which
contained 14 genes and a smaller region at 20q13.12 of
149.48 kb which contained five genes. Both these regions
were amplified in all cell lines, yet these amplifications
were not found to be significant on GISTIC analysis.

Cell line SNO showed a large marker chromosome
7 on metaphases analyzed by M-FISH. This marker was
interpreted as a possible inverted duplication of chromo-
some 7p sequences (Figure 2D). FISH with an EGFR
probe, revealed a high amplification of the EGFR gene
in 14% of the cells (Figure 6). A high level amplification
at 7p13-7p11.2 (genomic location of EGFR) was con-
firmed by GISTIC (q-value 0.14) on array analysis in this
cell line, while low level amplification was observed in the
remaining four cell lines in agreement with the presence
of 4 to 7 copies on FISH analysis.

Copy number changes

In view of the high cell to cell heterogeneity in each cell
line, and in order to separate the potential driver aberra-
tions out of the background of aberrations that may have
occurred by chance, we used the software GISTIC specifi-
cally designed for this purpose. Target genes, defined as
genes whose alteration confers a cell growth advantage, ate
likely to reside in the regions amplified or deleted to the
highest degree in a majority of cells and within a common
region of overlap amongst all cell lines. Fourteen common
regions of amplification and 20 regions of deletion were
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Cytoband Location (kb) Approx size (Mb) Frequency (7/5) Mean log2ratio' g-value Genes®
1p34.2 Chr1:39027237-40780163 1.75 8] 1.10 0.18 MYCL1
3q11.2-q12.2 Chr3:95917505-101945216 6.02 4 1.40 0.17 MINA
5p15.2 Chr5:10051329-11800765 1.75 2 1.36 0.09 CTNND2
7p11.2-p13 Chr7:45294289-57299457 12.01 1 1.24 0.13 EGFR
8q24.21 Chr8:127445828-129661846 222 5 2.10 0.0007 MYC
9q31.1 Chr9:100905143-102152148 1.25 1 257 0.15
10q12.33-q21.3 Chr10:17811791-65388337 47.58 1 3.05 0.13
11q13.3 Chr11:68753086-69985447 1.23 4 1.81 5.76E" CCND1, CTTN, FGF3, FGF4,
FGF19, MYEOV
11g22.1-q22.3 Chr11:100815801-103042620 2.23 2 PASS 0.03 BIRC2, BIRC3, YAP1
18p11.32 Chr18:1-1118244 1.12 2 1.04 0.13 TYMS, YES1
20p11.1-p11.22 Chr20:22140447-26145930 4.01 2 1.24 0.13 PYGB
22q11.21 Chr22:16558724-17937900 1.38 2 1.20 0.21 BID, CLDN5
22q11.21-q11.22 Chr22:18577713-20667607 2.10 2 1.20 0.13 CRKL, MAPK1
22q12.3 Chr22:31889314-32003182 0.11 2 1.15 0.13 LARGE

'The mean log2ratio for the samples with a log2ratio > 0.9 (equivalent to 3.7 copies per diploid cell); “The selected genes from the peak region.
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Figure 7 Plots of recurrent genomic amplifications (A) and deletions (B) detected in the esophageal squamous cell carcinoma cell lines from GISTIC
analysis of single nucleotide polymorphism array data. The x-axis shows the G-score (top) and false discovery rate (q value; bottom). The green line indicates the
false discovery rate cut off of 0.25. The circles indicate the peaks of the most significantly aberrant chromosomal regions.

identified (Figure 7, Tables 2 and 3). The most significant
chromosomal regions of amplification were, in descend-
ing order of significance: 11q13.3 and 8q24.21, in four
and five cell lines respectively, 11q22.1-q22.3 and 5p15.2
both detected in two cell lines. Chromosomal regions
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of less significant amplification were 10p12.33-q21.3,
18p11.32, 20p11.1-p11.22, 22q11.21-q11.22, 22q12.3,
9q31.1, 22q11.21, 3q11.2-q12.2 and 1p34.2 (Figure 7).
Similarly, chromosomal regions of deletion were seen in
the following order of significance: 1p31.1-p31.2, 2q22.1,
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Cytoband Location (kb) Size (Mb) Frequency (n/5) Mean log2ratio'  g-value Genes®
Hemi Homo

1p31.1-p31.2 Chr1:66691991-71187083 4.50 3 1 -3.03 0.02 CTH

2q22.1 Chr2:141590067-141951947 0.36 3 2 -1.66 0.19 LRP1B

3p26.3-q29 Chr3:1-199344050 199.34 2 1 -2.90 0.022

3p12.1-p14.2 Chr7:60424050-85108679 24.70 4 1 -2.99 0.02 FHIT, ADAMTS9

4q22.1-q32.1 Chr4:91972774-162358674 70.40 3 2 -2.19 0.02 CASP6, SMAD1

6q24.3-q27 Chr6:147967444-170914576 22.95 2 1 -2.22 0.07

7q33-q34 Chr7:133721542-138880555 5.16 2 1 -1.72 0.09 HIPK2

8p23.2-q11.1 Chr8:4078057-47043375 43.00 4 1 -2.47 0.02 BNIP3L, INDO

8p23.3-q21.13 Chr8:1-146308819 146.31 1 1 -2.27 0.09

9p24.2-p24.3 Chr9:1151516-2459741 1.31 2 1 -2.53 0.03

10p12.31-p14 Chr10:10309026-19155158 408.85 2 1 -2.74 0.02

10q11.23-q22.1 Chr10:50393324-70694787 20.30 1 1 -2.35 0.12

11p11.12-q12.2 Chr11:50256798-61426521 11.20 1 1 -1.90 0.12

12p13.33-q24.33 Chr12:1-132078379 132.10 1 -2.80 0.08

13q21.33-q34 Chr13:68772537-113042980 44.30 1 1 -1.70 0.24

14q21.2 Chr14:42828345-44176016 1.35 3 1 -4.50 0.02

14p13-q32.33 Chr14:1-105311216 105.30 1 -5.10 0.02

18g21.1-q21.2 Chr18:46081464-51919972 5.80 B -1.03 0.02 DCC, SMAD4

21p13-q21.3 Chr21:1-29932926 29.90 3 0.12 BAGE

'The mean of the log2ratio of those samples with log2ratios < -1.3 (< 0.9 copies per diploid cell); *The selected genes within the deletion peaks.

Cell line FISH signals Amplitude’ Log2Ratio
CCND1
WHCO1 5-15 2 1.56
WHCO3 > 20 2 2.57
WHCO5 10-20 1 0.78
WHCO6 4-8 1 0.55
SNO 15-20 1 0.79
C-MYC
WHCO1 4-6 1 0.12
WHCO3 15-> 20 2 1.83
WHCO5 10-> 20 2 1.83
WHCO6 10-> 20 2 2.06
SNO 4->20 2 1.71

'Amplitude threshold where log2ratio < 0.1 = 0, log2ratio > 0.1 < 0.9 = 1
and log2ratio > 0.9 = 2 as determined by SNP array copy number analysis.
FISH: Fluorescence in situ hybridization.

3pl2.1-p14.2, 4q22.1-q32.1, 8q11.1-p23.2, 14q21.2,
18q21.1-q21.2 and 21p13-g21.3 detected in all or four
cell lines. Other regions of less significant deletion, and
only seen in one or two cell lines, included: 10p12.31-p14,
14p13-q32.33, 3p26.3-q29, 9p24.2-p24.3, 6q24.3-q27,
12p13.33-q24.33, 7q33-q34, 8p23.3-q24.3, 10q11.23-q22.1,
11p11.12-q12.2 and 13q21.33-q34 (Figure 7). Together the
regions of amplification and deletion encompassed a total
of 4595 genes.

Significant gains

We selectively describe below the five regions of ampli-
fication that were the most significant on GISTIC analy-
sis (q-value < 0.25) (Figure 7). Chromosomes 11q13.3
(68753086-69985447 bp) and 8q24.21 (127445 828-
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129661846 bp) were the two most amplified and most
significant regions with a g-value of 5.76E"™ and 0.0007
respectively. The 11q13.3 region was 1.23 Mb in size and
was highly amplified in cell lines WHCO3, WHCOS5,
WHCOG6 and SNO while amplified to a lesser degree in
cell line WHCOT1. This region harbors seven candidate
genes including the cyclin D1 (CCNDY), the cortactin
(CTTN), the protein tyrosine phosphatase, receptor type,
polypeptide, interacting protein oo 1 (PPFLAT), FGF3,
FGF4 and FGF19 and the myeloma overexpressed (MY~
EOV) genes, which could all play a role in ESCC onco-
genesis. FISH validated these findings and confirmed the
amplification of CCND7 (Table 4, Figure 8). The com-
mon amplicon of 2.22 Mb at 8q24.21 was highly ampli-
fied in cell lines WHCO1 and WHCO3 and moderately
amplified in cell lines WHCO5, WHCOG and SNO. This
amplicon involved the oncogene v-myc myelocytomatosis
viral oncogene homolog (C-MYC) and the family with
sequence similarity 84, member B (E4AM84B) gene. Locus
specific FISH confirmed the amplification of C-MYC
in cell lines WHCO1, WHCO3, WHCO5, WHCOG6 and
SNO (Table 4, Figure 8).

A second focal region of high amplification on chro-
mosome 11 was observed at 11q22.1-q22.3 (2.23 Mb in
size) in cell lines WHCODb5 and SNO. This region included
the regulators of apoptosis BIRC2 (¢L4PT) and BIRC3
(eLAP2), the matrix metalloproteinases (MMP) and the
Yes associated protein (Y.4P-7) genes all potential target
genes. The BIRC2 gene was previously described as a
target of amplification /increased expression in cervical
cancers”” and the YAP-71 gene product is a cellular adap-
tor protein, which can induce BIRCZ expression. YAP-7
was reported to be over expressed in hepatic and mam-
mary cancers”. In turn, the MMP genes, which include
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Figure 8 DAPI stained interphase nuclei hybridized with locus specific probes for C-MYC Spectrum Orange (red) (A-D) and CCND1 (red)/IGH (green) (E-H).
C-MYC amplification can be seen in cell lines WHCO1 (A), WHCO3 (B), WHCOS5 (C) and SNO (D). CCND1 amplification was detected in cell lines WHCO3 (E),
WHCOS5 (F), WHCO6 (G) and SNO (H).

MMP1, MMP7, and MMP73, have been shown to be co-
expressed in early stage ESCC correlating with a poorer
prognosis

A 1.75 Mb region on chromosome 5p15.2 (10051 329-
11800765 bp) was highly amplified in cell lines WHCOG6
and WHCO5 and moderately amplified in cell lines
WHCO1 and SNO. This region hosts the potential target
gene, delta catenin (CTINND?2), overexpressed in prostate
cancer””.

Four cell lines, WHCO6, WHCO3, WHCO5 and
SNO, had focal gain on chromosome 3q. The minimal
common tregion of amplification mapped at 3q11.2-12.2,
and was 6.02 Mb in size (95917505-101945216 bp) (q-
value = 0.17). This region is commonly amplified in a va-
riety of cancers”™" including esophageal squamous cat-
cinoma” and it involved the potential oncogene, MYC
induced nuclear antigen (MINA).

The 18p11.32 sub-band was highly amplified in cell
lines WHCO3 and WHCOG6 and moderately amplified
in the remaining 3 cell lines. This region of 1.12 Mb in
size (1-1118244 bp) has previously been described in
ESCCP and involves the potential oncogenes TYMS
and YES-71. Both genes have been implicated in gastro
intestinal cancer. The TYMS gene codes for a thymidylate
synthase involved in DNA synthesis and targeted by the
chemotherapy agent fluorouracil (5FU). TYMS overex-
pression leads to 5FU treatment resistance™” and affects
colorectal cancer treatment”. YES-7 is a homologue of
the Yamaguchi sarcoma virus v-yes amplified and overex-

pressed in gastric cancers and ESCCP,

Significant losses

The most significantly deleted chromosomal regions
were 1p31.1-p31.2, 2q22.1, 3p12.1-p14.2, 4q22.1-q32.1,
8p23.2-q11.1, 14921.2 and 18q21.1-q21.2 (in descending ot-
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der of significance) in all or four of the cell lines (Figure 7).
Less significant regions detected in less than four cell lines
are depicted in Table 3. Three small regions of deletions in-
volved chromosomes 1p, 2q and 18q. The 4.5 Mb deletion
on chromosome 1 short arm, 1p31.2-p31.1 (66691 991-
71187083 bp) was seen in four cell lines (homozygous
deletion in cell line SNO and hemizygous in cell lines
WHCO1, WHCO5, WHCOG6) with a high significant
g-value of 0.02. Three genes with a reported tumor sup-
pressor activity were involved in this deletion, the cys-
tathionine y-lyase (CTH), the growth arrest and DNA
damage-45 oo (GADD450) and the DIRAS family, GTP-
binding RAS-like 3 (DIRAS3) genes. The DIRAS3 gene
was shown to be down regulated in hepatocellular carci-
noma and breast cancers”™ and is postulated to have a
tumor suppressive activity. Both the CTH and GADD45
genes were shown to negatively control cell growthm’m.

Chromosome 2, sub-band q22.1 (141590067-
141951947 bp) was lost in all cell lines (homozygous de-
letion in cell lines WHCO3 and WHCOS5 and hemizygous
in the other 3 cell lines) (g-value = 0.019). The low density
lipoprotein 1B (LRP7B) tumor suppressor gene, deleted
in lung cancer™” maps in this region.

A chromosome 18q sub-band, q21.1-q21.2 (46081 464-
51919972 bp) (5.8 Mb) was hemizygously deleted in all
five cell lines, involving both the SMAD4 and deleted in
colorectal carcinoma (DCC) genes.

Three large regions of deletion involved chromo-
somes 3p, 4q and 8p. First, the 24.7 Mb region of deletion
at 3p12.1-p14.2 (60424050-85108 679 bp) was significant
(g-value of 0.02) in all cell lines (homozygous deletion in
cell line SNO). This region houses the FRA3B associated
gene, Pragile Histidine triad (FHIT), whose deletions wete
previously detected by MLPA analysis in these cell lines™
The potential tumor suppressor ADAMTSI gene, a me-
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talloproteinase family member involved in inhibition of
angiogenesisw was also involved in this deletion.

Second, the 4q22.1-q32.1 (91972774-162358 674 bp)
(75 Mb) region was homozygously deleted in cell lines
WHCO3 and WHCO5 and hemizygously deleted in the
three other cell lines with a g-value of 0.02. This region
encompasses many genes but of interest are the Bone
morphogenetic protein receptor 1B (BMPR7B), the cas-
pase 6 (CASP6), the secreted frizzled-related protein 2
(SFRP2) and the SMAD protein 1 (SMADT) genes, all
potential tumor suppressor genes.

Lastly, a chromosome 8p23.2-q11.1 (4078057-47043 375
bp) (43 Mb) deletion was seen in all cell lines (homozy-
gous in cell line WHCO3 and hemizygous in the other 4
cell lines) (q value of 0.02), including five potential target
genes, the BCL2/adenovirus E1B 19kDa interacting
protein 3-like (BNIP3L), the leucine zipper tumor sup-
pressor 1 (LZTS7) and the three tumor necrosis factor
related superfamily genes TNFRSF70.4, TNFRSF10B
and TNFRSF70C.

DISCUSSION

We have characterized the karyotype and genomic con-
stitution of five ESCC cell lines established in SA using a
combination of traditional cytogenetics, M-FISH, FISH
and SNP arrays. The number of ESCC cell lines geneti-
cally described worldwide is limited. Only eight ESCC
cell lines have been investigated previously with tradi-
tional cytogenetics to our knowledge“o’lz’m and 10 with
M-FISH""***these are the only two techniques that
can detect recurrent translocation breakpoints. In this
study the five cell lines had complex karyotypes and were
hyperploid with WHCODb5 being near tetraploid. There
was a high level of intra cell-line heterogeneity. The
chromosomes most frequently involved in translocations
were chromosomes 1, 3, 5, 7, 8,9, 10, 11, 13, 14, 15, 18,
19, 20 and 22. These features were comparable to ESCC
cell lines previously characterized""">**! and across all
studies that involved karyotyping, including the karyotyp-
ing of fresh ESCC tumor sarnples1 , chromosomes 1, 3
and 8 were the most commonly affected by translocation
breakpointsm]z’m.

Forty percent of translocation breakpoints occurred
in near centromeric regions (Table 1). These were repre-
sented by unbalanced whole arm chromosome transloca-
tions, frequently involving chromosomes 1 and 3, and
by isochromosomes for the D group acrocentric chro-
mosomes 13, 14 and 15. Indeed, frequent centromeric
breakpoints have been described in squamous carcinoma
including ESCC"™' with up to 60% of all breakpoints
®I supporting the idea that
centromeric disruption is a frequent event in epithelial

being in centromeric regions

cancers. It has been suggested that environmental factors
. . . . 45

may preferentially interact with centromeric sequences'™,

and clastogenic compounds, such as mitomycin C, induce

. . 46
breaks in centromeric of chromosomes 1, 9 and 16",

Smoking is a major risk factor associated with ESCC and
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nicotine is known to induce single strand DNA breaks*.

Although active smokers exhibit an increased number of

48] . . . .
[ ], it is not known if centromeric

breaks at fragile sites
regions are also targeted.

Two chromosomal breakpoints were shared across cell
lines. First, chromosome 1p11 was involved in a translo-
cation in four cell lines, translocation t(1;3)(p11.2-12; q11)
in cell lines SNO and WHCO5 and translocations with
differing partners in cell lines WHCO1 and WHCO®.
Second, chromosome 3p11-12 was involved in trans-
locations in two cell lines and deletions in, ot near the
EPHA3 locus was seen in four cell lines.

This gene codes for a receptor tyrosine kinase, with a
tumor suppressor activitym]. It was found to be mutated in

224 and interestingly, found to be

lung and breast cancers
deleted in 18.2% of ESCC patients in a previous study”".

Breakpoints in, or near the centromeric regions of
chromosomes 1 and 3 have previously been reported
in several ESCC cell lines"""?, as well as in fresh ESCC
tumor samples that were karyotypedm, and in ESCC cell
lines obtained by iz vitro transformation with HPVP,
This strongly points to 1p11 and 3p11 translocation hot-
spots in ESCC that may affect genes and/or regulatory
sequences not identified by SNP array. Deletions affect-
ing or near the EPH.43 gene may point to a role for this
gene which was previously found to be deleted in 18.2%
of ESCC patientsm.

We knew from previous studies that these ESCC cell
lines, all overexpress the EGFR gene[m]. EGFR DNA
amplification observed in cell line SNO is likely to con-
tribute to EGER overexpression whilst other factors are
likely to be involved in the other four cell lines where low
levels of EGFR amplification were observed.

In view of the high clonal heterogeneity observed in
each cell line, we used the GISTIC software in addition
to CNAT to analyze SNP array data and evidence the
significant targets of amplification and deletions. The
most stable genetic rearrangements are thought to reflect
a proliferative cell growth advantage. In this context, the
GISTIC algorithm allowed us to prioritize amplicons and
regions of deletions in term of their likelihood to host
driver genes. The five most interesting significant regions
of amplification included chromosomal regions: 11q13.3,
8q24.21, 11q22.1-q22.3, 5p15.2 and 3q11.2-q12.2in de-
creasing order of significance.

The 8q24.21, 11q13.3 and 3q11.2-q12.2 regions have all
previously been reported in a variety of carcinomas®™ ™
and they often co-exist with one another. Genomic
amplification at 8q24 occurs in a large variety of can-
cers?” and most amplicons described in the literature
involve both the C-MYC and EAM&4B genes, as was ob-
served in this study in four ESCC cell lines. In previous
reports the target of amplification has been attributed to
either both genes[w
their respective increased transcription.

, ot to one ot the othet”” based on
The 11q13.3 amplicon covered a large region contain-

ing a number of potential target genes. The CCNDT and
MYEOL genes (11q13.3) were co-amplified in four cell
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lines. Co-amplification of these genes has been reported
in multiple myeloma, breast cancer and ESCC™. CCND1
is a downstream effector in the Wnt2/ [-catenin pathway
and the most frequent target of amplification in several
ESCC studies'**", While the MYEOL” gene has been
associated with cell proliferation in colon cancer™ its
amplification in ESCC is not always matched by increased
transcription due to its silencing by epigenetic mecha-
nisms". The cortactin gene, CTTN, involved in cell
motility'®, was previously shown to be over expressed
in ESCC pre-cancerous lesions, as well as in carcinogen
induced murine ESCC supporting a role for this gene in
ESCC carcinogenesism. The three fibroblast growth fac-
tor (FGF) genes, FGI3, FGF4 and FGI19 were patt of
the 11q13.3 amplicon. FGF and Wnt signaling pathways
cross talk in a number of carcinogenesis scenarios'™!
Activated FGF receptors activate the FRS-GR2-GAB1-
PI3K-AKT signaling cascade, and downregulate GSK-3[3
protein activity, thus hampering 3-catenin phosphory-
lation and degradationléz]. In particular, FGF19 ligand
downregulates GSK-3f activity, which results in the
release and nuclear accumulation of [-catenin. Nuclear
[-catenin activates the transcription of downstream
genes including C-MYC and CCND7",

In addition to the amplification of Wnt pathway acti-
vators, the SFRP2 tumor suppressor gene locus was de-
leted at chromosome 4q22.1-q32.1 (Figure 7). The SFRP2
gene encodes a frizzled-related protein and is part of the
SFRP family of Wnt inhibitors. Loss of SFRP2 is de-
tected in medulloblastoma and is suggested to contribute
to carcinogenesis through loss of inhibition of the Wnt

The copy number data therefore suggests that the
Wnt signaling pathway may be at work in these ESCC
cell lines through one or the combined effects of genes
activating the B-catenin transcriptional activity and/or the
FGF signaling pathways as well as deletions of genes, at
4q22.1-q32.1, inhibiting this pathway. Amplicons at both
8924 and 11q13.3-13.4 have been described in a variety
of squamous cell carcinoma®™ " suggesting that the
activation of pathways through the combined effects of
genes at 8q24 and 11q13.3-13.4 contributes to the devel-
opment and aggressiveness of SCC.

In addition to the SFRP2 gene, the three tumor sup-
pressor genes BMR7B, SMADT and CASP6 were also
targets of deletion at 4q22.1-q32.1. Both BMR7B and
SMADT genes have previously been reported to have
decreased expression in gliomas correlating with poor
survival™ and BMPR7B decreased expression in breast
cancer is associated with increased cell proliferation and
poor prognosis™. The CASP6 gene encodes the pro-
apoptotic caspase-6 proteinm].

Although large 3q amplicons are commonly observed
in squamous carcinoma'"”™ in this study the 6 Mb,
3q11.2-12.2 amplicon was focal and involved the MIN.4
gene. This gene has previously been reported to be over-
expressed in 83% of ESCC in one study and its inhibi-
tion was shown to suppress ESCC cell proliferation”,
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A 43 Mb region of deletion at 8p23.2-q11.1 (4078057-
47043375 bp) was observed in the five cell lines and
involved five potential target genes. These included the
BNIP3L. gene deleted or downregulated in prostate
cancer and malignant melanomas, respectively®’ the
LZTS1 gene, deleted in oral squamous cell carcinomas
and downregulated in breast carcinomas”’: and the
three TNFR genes, TNFRSF710A, TNFRSF10B and
TNFRSF10C, whose epigenetic inactivation was reported
in gastric cancers’ . An 8p loss, was previously detected
by conventional CGH in a study performed on 29 South
African black and colored ESCC patientsm]. Chromo-
some 8p22 loss has also been reported in prostate, breast,
lymphoma, hepatocellular and colorectal cancers”",

Active smoking is linked to increased fragile site ex-
pression[w and is also one of the primary risk factors
associated with ESCC in South Africa™. We previously
hypothesized that deletions affecting anti-oncogenes
located at fragile sites may contribute to the etiology of
ESCC in South Africa and reported FHIT intragenic de-
letions in these cell lines and a small cohort of patientsHU]
FHIT gene deletions were confirmed here supporting its
role in ESCC carcinogenesis.

Deletion at 18923 involved the SMAD4 and DCC
genes in all cell lines. Both genes have previously been re-
ported to be down regulated in ESCC either by deletion,
mutation or methylation®. Decreased expression of the
SMAD4 gene, a tumor suppressor of the transforming
growth factor 3 family signaling pathway, has been as-
sociated with ESCC tumor invasion®”. The DCC gene
was shown to be frequently methylated in ESCC tumor
specimens'™.,

In summary, breakpoints at 1p11 and 3p11 were
recurrent in the five ESCC cell lines and may point to
genes such as EPH.A3 that may be involved in ESCC
carcinogenesis. Copy number alterations involved both
amplicons previously reported in squamous cell carci-
noma (8q24, 11q13 and 3ql1) as well as novel regions
of significant amplification (11q22.1-q22.3, 5p15.2 and
18p11.32). The finding that a significant number of genes
that were amplified (FGF3, FGF4, FGF19, CCND and
C-MYC) or deleted (SFRP2 gene) are involved in the Wnt
and FGF signaling pathways suggest that these pathways
may be activated in these ESCC cell lines. These results
warrant expression studies of these genes in both cell
lines and patients’ specimens. Of interest, should FGF
gene expression be increased, ESCC patients may benefit
from the respective FGF targeted therapies recently de-
Veloped[sg’%].
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Background
Esophageal squamous cell carcinoma (ESCC) is a major cause of cancer
death in the world and has a peculiar epidemiology with worldwide geographic
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pockets of high incidence particularly in Asia and Africa. In South Africa, in
the Eastern Cape region, ESCC represents the leading cancer affecting men
and the second most common cancer in woman. There is a need to identify
biomarkers to better understand the pathophysiology of this cancer and inform
future diagnostic and therapeutic strategies for these patients. Established cell
lines provide a unique resource to investigate both the presence of chromo-
somes translocations and copy number imbalances.

Research frontiers

A limited number of ESCC cell lines, all established in Asia, were reported to
date. These have been investigated with molecular cytogenetic techniques of
limited resolution and no key pathways have been reported previously.

Innovations and breakthroughs

This is the first comprehensive molecular cytogenetic study of five ESCC cell
lines established in South Africa. The authors combined high-resolution whole
genome array copy number analysis with conventional cytogenetics and multi-
color fluorescence in situ hybridization to assess common chromosomal imbal-
ances. Interestingly, a significant number of genes that were amplified (FGF3,
FGF4, FGF19, CCND1 and C-MYC) or deleted (SFRP2 gene) are involved in
the Wnt and FGF signaling pathways. In addition, a deletion within or near the
EPHA3 gene was present in 4 of these cell lines, corresponding to a transloca-
tion breakpoint at 3p11.2 shared in some cell lines.

Applications

These results suggest that the Wnt and FGF pathways may be involved in the
initiation or progression of ESCC. They also point to the EPHA3 gene as an
added potential key gene. Further study on patients’ specimens and functional
studies will determine the significance of these genes in ESCC pathogenesis.

Terminology

High-resolution 250K single nucleotide polymorphism (SNP) arrays cover at
least one SNP per 100 kb of DNA, using an average of 24 probes per SNP. The
copy number data are derived from the summary of non-polymorphic SNPs
and examined as a ratio to a reference genome. Changes in intensity ratios
are indicative of amplification/deletions. The Wnt and fibroblast growth factor
(FGF) signaling pathways are involved in tissue homeostasis as well as in cell
proliferation and differentiation. Although their mechanisms differ, these two
pathways cross talk through GSK3p inhibition.

Peer review

The manuscript by Brown and coworkers demonstrates that a significant num-
ber of genes that were amplified or deleted are involved in the Wnt and FGF
signaling pathways in five cell lines established from South African ESCC pa-
tients. They suggest that these pathways are activated in these cell lines. The
overall goal of the paper is relevant. The data presented are solid and credible.
The results are interesting and clinically important.
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Abstract

AIM: To characterize a culture model of rat CCA cells,
which were derived from a transplantable TTA-induced
CCA and designated as Chang Gung CCA (CGCCA).

METHODS: The CGCCA cells were cultured at /n vitro
passage 12 times on a culture dish in DMEM medium.
To measure the doubling time, 10° cells were plated
in a 96-well plate containing the growth medium. The
cells were harvested 4 to 10 d after seeding, and a
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standard MTT assay was used to measure the growth.
The phenotype of CACCA cell and xenograft was deter-
mined by immunohistochemical study. We also deter-
mine the chromosomal alterations of CGCCA, G-banding
and spectral karyotyping studies were performed. The
CGCCA cell line was transplanted into the nude mice for
examining its tumorigenicity. 2-Deoxy-2-(**F)fluoro-D-
glucose (FDG) autoradiography was also performed to
evaluate the FDG uptake of the tumor xenograft.

RESULTS: The doubling time for the CGCCA cell line
was 32 h. After transplantation into nude mice, FDG
autoradiography showed that the tumors formed at
the cell transplantation site had a latency period of
4-6 wk with high FDG uptake excluding necrosis tis-
sue. Moreover, immunohistochemical staining revealed
prominent cytoplasmic expression of c-erb-B2, CK19,
c-Met, COX-1I, EGFR, MUC4, and a negative expression
of K-ras. All data confirmed the phenotypic features of
the CGCCA cell line coincide with the xenograft mice
tumors, indicating cells containing the tumorigenicity of
CCA originated from CCA. In addition, karyotypic band-
ing analysis showed that the diploid (2n) cell status
combines with ring and giant rod marker chromosomes
in these clones; either both types simultaneously ap-
peared or only one type of marker chromosome in a
pair appeared in a cell. The major materials contained
in the marker chromosome were primarily identified
from chromosome 4.

CONCLUSION: The current CGCCA cell line may be
used as a non-K-ras effect CCA model and to obtain
information and reveal novel pathways for CCA. Further
applications regarding tumor markers or therapeutic
targeting of CCA should be addressed accordingly.

© 2011 Baishideng. All rights reserved.

Key words: Cholangiocarcinoma; Rat cell line; Estab-
lishment; Characterization; Thioacetamide
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INTRODUCTION

Cholangiocarcinoma is a malignant neoplasm derived
from bile duct epithelium (i.e. cholangiocytes). It is char-
acterized by a great diversity of symptoms commonly
occurring in the late course of the disease, and therefore
making treatment puzzling. The biological behavior of
the tumor and eartly intrahepatic and/or extrahepatic
spread limit the efficacy of surgical management to pet-
form a curative resection; although liver transplantation
may provide an alternative option for CCA treatment,
high rates of recurrence still limit liver transplantation for
most CCA patientsm and usually lead to a poor progno-
sis. Three- to five-year survival rates, even with resection,
remain dismal””; in addition, neither radiation therapy
nor chemotherapy significantly improves long-term sur-
vival rates. This cancer is related to a wide range of risk
factors, such as infestation with liver flukes, primary scle-
rosing cholangitis, and hepatolithiasis, that cause the inci-
dence rates of CCA to vary greatly among different areas
of the world®™. However, many data have shown that the
incidence and mortality rates of CCA have been rising
worldwide over the past several decades, particularly the
intrahepatic CCA”",

Therefore, our goal is to identify potential possible
diagnostic biomarkers as the investigation of the molecu-
lar pathophysiology associated with this disease becomes
more and more important and necessary. In our previous
study, a thioacetamide (TAA)-induced CCA rat model
was successfully established, and serves as a powerful
pre-clinical platform for therapeutic and chemopreven-
tion strategies for human CCA"™, Herein, we further de-
veloped the rat CCA tumor cells as a cell line designated
as Chang Gung CCA (CGCCA), and then transplanted
the cells into a xenograft of nude mice to further confirm
the characteristics of this cell line. A seties of IHC stud-
les, including CK19, c-Met, COX-1I, and MUC4, were
performed to determine the phenotype of the cell line.
The genotype was examined by cytogenetic studies, and
the 2—Deoxy—2—(18F)ﬂuoro—D—glucose (FDG)-avid char-
acter of the CGCCA xenograft of the nude mice was
demonstrated by animal PET. All of the evidence proved
that the CGCCA cell line rat was detived from the origi-
nal primary tumor formed by the TAA carcinogen. Our
current work supports the view that the systematic cell
cultures may provide a relevant CCA model to study the
complex mechanisms involved in CCA by revealing the
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potential pathogenesis of this disease. In addition, we
may be able to determine the possible diagnostic markers
for the eatly detection and diagnosis of this disease.

MATERIALS AND METHODS
Animal study

This study was approved by the experimental animal
ethics committee at the Chang Gung Memorial Hospital,
Taiwan. The investigation conformed to the US National
Institute of Health (NIH) guidelines for the care and use
of laboratory animals (Publication No. 85-23, revised
1996). Male Sprague-Dawley (SD) rats weighing 319 £
14 g were used in the experiments. The rats were housed
in an animal room with a 12:12 hour light-dark cycle (light
from 08:00 AM to 08:00 PM) at an ambient temperature
of 22 = 1°C. Food and water were available ad /ibitum.

Establishment of TAA-treated rats CGCCA cell line

The cell isolation procedure as described by Lai ez al®
was applied with minor modifications in this study. In
brief, hyperplastic bile ductular epithelial cells were ob-
tained from the liver of the male Sprague-Dawley (SD)
rats treated with TAA 300 mg/L daily after 25 wk of
exposure. The isolation of the CGCCA cell line was
established from the nest of cholangiocarcinoma by em-
ploying differential cell harvesting with 0.05% trypsin and
0.53 mmol/L. EDTA (Life Technologies), and then com-
bined with subsequent serial propagation suspended in a
cell culture medium composed of DMEM with 100 U/mL
penicillin and 100 U/mL streptomycin (basal medium) plus
10% fetal bovine serum'"”,

Estimating growth kinetics of cells in vitro

The CGCCA cells were cultured at 7z vitro passage 12
times on a culture dish in DMEM medium containing
10% fetal bovine serum. To measure the doubling time,
10 cells were plated in a 96-well plate containing the
growth medium as described above. The cells were har-
vested 4 to 10 d after seeding, and a standard MTT assay
was used to measure the growth according to the in-
struction manual (MTT Cell Growth Assay Kit; #CT01,;
Chemicon). The doubling time of the cell population was
estimated based on the slope angle of the linear regres-
sion model for the four time points.

Determine phenotype of CACCA cells and xenograft by
immunohistochemical study

CGCCA rat cells were grown on a miniature cell culture
vessel chamber, which permits cells to be grown, fixed,
stained, and analyzed all on the same slide (#154461 Lab-
Tek II Chamber Slide System; Nalge Nunc International,
USA). A total of 2000 cells per well were grown over
night, rinsed with PBS twice, fixed with 4% PFA for
1 min, and perforated with 1% Tween 20 for 1 min. In
addition, we further compared the cells with the xenograft
mice tumors. The mice tissues were obtained for the im-
munoreactivities study once the mice tumors reached a
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diameter of 1.0 cm. The slides were then stained accord-
ing to the routine IHC staining as described previously“41.
In brief, the primary antibodies CK19 (MAB-1675; Milli-
pore; Temecula, CA), K-ras (clone sc-30; Santa Cruz Bio-
technology Vision Corporation; Fremont, CA), c-erb-B2,
COX-1I, EGFR, MET, and MUC4 were diluted at 1:200
and 1:400, respectively (clone sc-284; Santa Cruz Biotech-
nologies; Santa Cruz, CA; M-3563; Dako Cytomation;
RB-9072-9; Lab Vision Corporation; Fremont, CA; clone
sc-161; Santa Cruz Biotechnology Vision Corporation;
Fremont, CA; and 35-4900; Zymed S; San Francisco,
CA) and incubated overnight at 4°C. The slides were then
washed three times with TBST, mounted, and analyzed
under microscope by authors blindly before visualization
with the DAKO LSAB2 System (Peroxidase; DAKO A/S;
No. K0675). Control slides were incubated with the sec-
ondary antibody only.

Cytogenetic study of the CGCCA cell line

To determine the chromosomal alterations of CGCCA,
G-banding and spectral karyotyping (SKY) studies were
performed. The CGCCA cells were grown under the
conditions as described above. After the cells were har-
vested, a metaphase chromosome spread was prepared
for G-banding and SKY analysis'”. At least ten meta-
phases were analyzed after G-banding (data not shown).
For SKY analysis, 22 differentially labeled chromosome-
specific painting probes and Cot-1 DNA were denatured
and hybridized to the tumor metaphase chromosomes
according to the protocol recommended by the manufac-
turer (Applied Spectral Imaging; Migdal Haemek, Israel)
with some modifications as previously described"”. Im-
age acquisitions were performed using a SD200 Spectra-
cube system (Applied Spectral Imaging) mounted on a
Leica DM2500 microscope with a custom-designed opti-
cal filter (SKY-1; Chroma Technology; Brattleboro, VT).
The clonality criteria and the karyotype description fol-
lowed the recommendations of the International System
for Human Cytogenetic Nomenclature (ISCN 2005) e,

Heterotransplantation of CGCCA cells in nude mice
Seven male nude mice (BALB/cA Jcl nu/nu) (6 to 8 wk
old; 20 to 22 g body weight) were purchased from Clea
Japan (Ohita, Japan). The CGCCA cell line was trans-
planted into the nude mice for examining its tumorige-
nicity. Each of the 7 mice received a 50 pL. subcutaneous
inoculation that contained ten million CGCCA cells sus-
pended in the thigh area. Tumor size was measured with
a digimatic caliper, and tumor volume was calculated ac-
cording to the subcutaneous tissue on the flank of each
mouse using the formula V = 1/6nabc (a, b, and ¢ indi-
cate the diameter in each axis). The xenograft developed
after implantation of CGCCA; 4 to 6 wk static later, all
animals were sacrificed by COz asphyxia. The xenograft
was dissected, and the histopathology of the xenograft
was evaluated as described™. The xenografted tumors
were compared with the original cell line for morphology
changes.
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FDG autoradiography

FDG positron emission tomography (PET) is an im-
portant imaging technique for the evaluation CCA in
humans'”. To evaluate the different levels of fluorode-
oxyglucose uptake of the CGCCA cell line xenograft of
the nude mice, FDG autoradiography was performed
4-6 wk after tumor implantation. Animals were food-
deprived for 8 h, and 37 MBq of FDG was given intrave-
nously. The animals were sacrificed by decapitation after
deep anesthesia with isoflurane 45 min after radiotracer
injection. The details of the quantitative autoradiography
procedures have been described by the authors'?. In
brief, the target tissues, including liver, tumor, and thigh
muscle, were quickly removed and placed on dry ice for
fixation. The frozen samples were cut to a 10-um thick-
ness and mounted on glass slides. The slides were exposed
to a phosphor image plate (IP) for 2 h and digitized using
FLLA5100 scanner (Fuji; Japan, Tokyo). The radioactivities
of the adjacent tissue sections (assumed to possess the
same radiotracer distribution) were measured by y counter
and decay corrected to the time of injection. The correla-
tions between the radioactivities and IP signal intensities
were established. All IP signal intensities were converted
to radioactivities by using the following calibration curve.
Regions of interest (ROI) were manually drawn around
the edge of the tumor xenograft activity by visual inspec-
tion. The mean activities were recorded from the entire
ROL The percentage injected dose per gram (%ID/g)
was calculated as follows: %ID/g = activity in a gram of
tissue (C7)/injected dose X 100%. The slices were stained
with hematoxylin-eosin (HE) for histologic examination.

Statistics analysis

All data are presented as mean = SD. Group comparisons
of FDG uptake among tissues were determined using
analysis of variance (ANOVA). All statistical analysis was
performed using SPSS computer software (Chicago, IL)
and a P value of < 0.05 was considered statistically signifi-
cant.

RESULTS

Estimating growth kinetics of cells in vitro

To establish a TAA-induced rat cell line, 25 wk of orally
administered TAA rat liver tissues were harvested for cul-
turing. CGCCA rat cells showed a typical growth curve
that included lag, logarithmic, and stationary phases (as
shown in Figure 1). The doubling time of the CGCCA
cell line was calculated to compare the growth of 10°
cells. Under the series surveillance, a cell population dou-
bling time of 32 h was determined (6 points at day 4, 5, 6,
7, 8, and 10). When the CGCCA cell line underwent the
26th 7n vitro passage, we harvested cells to perform the
cytogenetic or IHC experiments in the current study. The
cell line has been maintained in culture for approximately
a year so far. Therefore, viable CGCCA cells have been
cryopreserved at almost every 7z vifro passage time, from
which new cultures may be established.
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Figure 1 MTT assay. Twenty-five weeks orally administrated TAA rat liver tis-
sues cells have been harvested and successfully cultured. The cells followed a
typical growth curve; lag, logarithmic, and stationary phases during culturing were
estimated. Under series surveillance, a cell population doubling time of 32 h was
determined (6 points at day 4, 5, 6, 7, 8, and 10).

Tumorigenicity study of CCA in transplanted mice

To examine whether the CGCCA cell line contained the
tumorigenicity of CCA, the cells were transplanted into
the thigh area of seven recipient nude mice and given a
100% incidence of CCA. In addition, their morphologi-
cal features were essentially identical to those of the pa-
rental tumor from which the tumorigenic CCA cells were
originally isolated. Tumors formed at the cell transplanta-
tion site had a latency period of 4-6 wk, as represented
by the photomicrographs shown in Figure 2.

Autoradiography

All seven mice developed a large tumor 4-6 wk after tu-
mor cell implantation. Necropsy and histology confirmed
the presence of TAA-induced CCA in 7 mice (Figure 2).
Central necrosis could be observed in all large tumors
suggesting the fast growth of this malignant tumor. Of
note, all tumor cells, excluding necrosis tissue, possessed
high FDG uptake. The quantitative uptake value of fluo-
rodeoxyglucose in muscle, liver, and tumor were 0.67 *
0.17, 2.23 + 0.85, and 5.00 £ 2.15 %ID/g, respectively
(Figure 3A). The tumor to liver and tumor to muscle
ratios of FDG uptake were 2.25 = 0.43 and 7.48 = 1.78,
respectively (Figure 3B). These data are highly consistent
with our previous 7 vive findings, indicating that FDG
metabolic activity is significantly higher in the CGCCA
xenograft in the nude mice.

The rat CGCCA cell line and heterotransplantation
of nude mice tissues were evaluated by immunohisto-
chemistry (IHC) stainings.

To demonstrate the phenotype characteristics and his-
topathology of CGCCA cells, IHC staining was performed
on either the cell line or mouse xenograft tissues. The
CGCCA cells revealed prominent cytoplasmic expression
of CK19 (biliary cytokeratin 19), as well as c-erb-B2, c-Met,
COX-1I, EGFR, and MUC4 (Figure 4C-H). However,
the CGCCA cells revealed a negative expression of K-ras
(Figure 4A and B). All of the data from the neoplastic
glandular epithelia of the TAA-induced rat CGCCA cell
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line were highly consistent with previous 7z vivo findings,
indicating that these proto-oncogenes are concordantly
overexpressed. The tumor tissues from the heterotrans-
planted nude mice retained the characteristic traits of
their 7n vitro cell counterparts. Phenotypically, xenograft
highly expressed cytoplasmic immunostaining of CK19,
mucin-producing tubular adenocarcinomas closely resem-
bling in their histological and phenotypic features those
of the parent tumor; besides, COX- I, MET, and MUC4
revealed strong and diffuse cytoplasmic immunostaining
as well (Figure 4I-L).

Cytogenetic study of the CGCCA cell line

Spectral karyotyping (SKY) and G-banded analyses were
performed to determine the genetic alterations in the
CGCCA cell line using the 26th week’s TAA-induced rat
CGCCA cell line. The cytogenetics study revealed a num-
ber of chromosomes ranging between 50 to 56 diploidy
(2n) karyotype with complicated genetic abnormalities
of marker chromosomes. Obviously, at least two clones
were identified in this cell line. In the clones, the loss of
whole chromosome 8 and 20 was observed in all ana-
lyzed cells; multiple translocated chromosomes formed
at the site of chromosome 2q10, such as t(2;3), t(2;5),
t(2;3;10); similarly, at the site of chromosome 4q10, com-
monly formed t(4;13) and t(4;11;4) fusion chromosomes
were observed as well. Further, 1(6)(q10) was frequently
observed in most of the clones. Notably, two major simi-
lar contents of ring and giant rod marker chromosomes
were involved in these clones; they either simultaneously
appeared in a cell or only one type of marker chromo-
some appeared as a pair to be observed (Figure 5).

DISCUSSION

CCA is the second most common primary hepatic tu-
mor after hepatocellular carcinoma, which is also known
as a slowly progressing bile-duct cancer. CCA usually
originates in the liver or the intrahepatic bile ducts, and it
is characterized by a poor prognosis. Incidence rates ac-
count for between 5% and 30% of primary liver cancers
and vary geographicaﬂym. For instance, peripheral CCA
represented 3.58% of all primary liver cancers reported
by the Japan Liver Cancer Society'"!. According to the
report of Bartlett™, the mortality of intrahepatic CCA
has increased 15-fold, and it is currently a more common
cause of mortality than hepatocellular carcinoma. New
insights into the pathogenesis of this disease, either by
using a panel of systematic z» vitro cell lines for revealing
the obscure mechanisms of CCA, or animal models for
development of novel therapeutic strategies, are urgently
required for clinical-therapeutic purposes.

To our knowledge, there are two published human
CCA cell lines available for the purpose of study; how-
ever, both have limited availability due to their long-term
passage i vitro, and they have been shown to be markedly
aneuploid. With respect to experimental animal CCA
culture models, two published reports have described
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Figure 2 The tumors formed at the cell transplantation site of the CCA xenograft with central necrosis in all large tumors suggesting the fast growth of this
malignant tumor at the thigh of the nude mice had a latency period of 4-6 wk and, as represented by (A) gross picture, (B) the photomicrographs of the nec-
ropsy, (C) histology, and (D) autoradiography (D). Of note, all tumor cells excluding necrosis tissue possessed high 2-Deoxy-2-("*F)fluoro-D-glucose uptake.
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Figure 3 The mean quantitative uptake values of fluorodeoxyglucose in the muscle, liver, and tumor represented by injected dose per gram of tissue (%ID/g)
were (A) 0.67 + 0.17, 2.23 * 0.85, and 5.00 £ 2.15, respectively. The tumor to liver and tumor to muscle ratios of FDG uptake were (B) 2.25 + 0.43 and 7.48 + 1.78,

respectively.

the process of establishment; one was developed from
liver fluke-associated CCA induced in a hamster model”;
the other was developed from furan-fed rat CCA culture
model™. We have been working for several years and
have succeeded in establishing a TAA-induced rat intesti-
nal-type CCA model. This model provides a unique and
useful study tool for CCA investigation. The important
aspects of the cellular and molecular pathogenesis of
CCA that are potentially relevant to the human disease
have been addressed in previous reports as well >, In
the current study, we further aim to establish a CCA cell
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line from a TAA rat CCA model and report its identical
karyotype as well as immunohistochemical characteristics.
This systematic iz vitro cell line panel will be used as a
valuable study tool for revealing the obscure mechanisms
of CCA, and searching for the potential biomarkers for
CCA tumorigenesis.

Regarding the growth kinetics of the CGCCA cell,
CGCCA cells exhibit a 32-h doubling time. This is longer
than C611B cells derived from a furan rat model, which
exhibited a cell doubling time of approximately 24 h and
were aneuploid"”; but comparable with the hamster liver
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Figure 4 Immunohistochemical staining (x 400) analysis of Chang Gung CCA cells (upper two panels, A-H) and xenograft tissues of CCA mouse models
(lower panel, I-L). A: Negative control; B: Negative expression of K-ras; C: EGFR weakly expressed in a cytoplasmic distribution; D-G: Her-1I, Biliary cytokeratin
(CK19), COX-1I, and Met diffusely expressed in a cytoplasmic distribution; H: MUC-4 strongly and diffusely expressed in a cytoplasmic and membranous distribution;
I-L: The results revealed that CK-19, COX- I, Met, and MUC4 are diffusely expressed in a cytoplasmic distribution in the rat CCA xenograft.
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Figure 5 Examples of the karyotype spectral karyotyping analysis revealed by the 26th passage cell culture; the analysis established that, from the 25th
week, TAA-induced CCA rat cells presented either (A) a ring chromosome (short arrows) or (B) giant rod chromosome (long arrow); complicated chromo-
somal alterations could be observed in most of the chromosomes and are illustrated at the bottom.

fluke-associated CCA cells”. While skeptics question than animal cell lines, after comparing the population
whether human population doubling times can be slower doubling times with some human CCA cell lines cultured
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under similar conditions, the human cell lines presented
range from 50 to 180 hP#7,

Regarding phenotype, the strong and diffuse expres-
sion of biliary cytokeratin (CK19) confirms the bile
ductular ontogeny of the CGCCA cells and xenograft.
The molecular alterations involved in CGCCA cells are
similar to TAA rat models previously described'*****”;
the receptor tyrosine kinases c-Met, c-erb-B2 (also known
as HER-2/neu), and EGFR and their interact elements,
COX-II, MUCA4, were over-expressed in the current
neoplastic cells, either in CGCCA cells or xenograft tis-
sues. It is well known that receptor tyrosine kinases have
become important therapeutic targets for anti-tumor mo-
lecularly targeted therapies. There is increasing evidence
to suggest that, when the HGF/SF interacts with the
receptor tyrosine kinases c-Met, the activation could lead
to a plethora of biological and biochemical effects in the
cell™ and may play an important role in the development
and/or progression of human CCA”"™. Other molecu-
lar alterations include the overexpression of COX-2P
and MUC4, which acts as a ligand for c-erb-B2 and was
also confirmed to be overexpressed in the CGCCA cells
in our current study. Furthermore, we recently demon-
strated that MUC4 could be an independent risk factor
of poor prognosis in clinical patients with the mass-
forming type of intrahepatic CCA who underwent hepa-
tectornym.

Notably, negative K-ras expression was observed in
the current CGCCA cells. It is known that very high fre-
quency multiple K-ras gene mutations at codon 12 are
commonly detected in CCA (15/15 showed one mutation,
and 9/15 showed more than two mutations)™. Evidence
has further indicated that the mutation status of the K-ras
gene affects the response of cetuximab, an epidermal
growth factor receptor (EGFR) inhibitor™. Therefore,
K-ras is considered to be one of the important factors
involved in the stepwise progression of neoplastic cells to
full malignancy. It is also proven to be related to the high-
er incidence of bile duct cancers that arise distally in the
common bile duct™*". Therefore, the current CGCCA
cell line could offer a valuable suitable model that could
avoid the influence from K-ras expression.

Nevertheless, evidence of the overexpression of these
typical oncoproteins in the CGCCA cell line provides
strong resemblances with the human CCA disease, as well
as an avenue for future pathogenetic or pharmacologic
studies.

In addition, there is evidence that FDG PET imaging
may be useful in the diagnosis and management of both
hilar and peripheral cholangiocarcinomas in humans'”
We have previously shown that the FDG uptake pattern
in TAA-induced rat CCA was similar to that observed in
other human studies"”. In the present study, our CGCCA
xenograft closely mimicked the TAA-induced rat CCA
with regard to fluorodeoxyglucose uptake as evaluated by
FDG autoradiography. The xenograft had a high tumor
to liver and tumor to muscle FDG uptake ratio, which
makes 7z vivo tumor detection possible by FDG microP-
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ET. The data of the animal PET with regard to the TAA
mice models were highly consistent with our previously
published 7 vivo findings, indicating that FDG metabolic
activity is significantly higher in the CGCCA xenograft in
the nude mice™

The results of cytogenetic analysis with regard to
CGCCA cells revealed complicated chromosomal altera-
tions, and the hyperdiploid karyotype has been character-
ized in the CGCCA cell line. Basically, the hyperdiploid
karyotype is thought to arise from the maintenance of
heterozygosity. According to the marker chromosomes
observed in the CGCCA cell line, at least three clones
could be identified in current cell line, suggesting that the
hyperdiploidy does not arise from a near haploid precur-
sor. In addition, although hyperdiploid clones have been
identified, all the clones tend to show a pattern of chro-
mosome loss with all copies of chromosomes 8 and 20;
further, the gains are more often tetrasomic than trisomic
for the chromosomes 2, 3, 4, 11, 12, 16, and 17 (Figure 5).
Notably, the marker rings and/or giant rod chromosomes
could be observed in every cell as well; the materials
contained in the marker chromosomes of the ring or rod
shapes varied from cell to cell; however, the major materi-
als mostly came from chromosome 4 as was demonstrat-
ed by SKY (Figure 5). To our knowledge, rings are rare
in benign tumors, whereas they are common in certain
invasive tumors. In addition, the ring chromosomes are
even common in certain tumors, especially in subgroups
of sarcomas where they may be used as diagnostic indi-
cators for these lesions as described by Gisselsson ez a/*.
The other additional anomalies, such as translocations
and other structural chromosome abnormalities, were
present in approximately half of the cells; apparently,
the presence of non-random alterations in every clone is
most likely the primary change event; in addition, the du-
plication of chromosome 4 fragments are the most com-
mon additional change; deletion of chromosomes 8 and
20, and other random structural abnormalities, such as
der(2)t(2;3)(q10;92), der(2)t(3;10;2), der(2)t(2;5)(q10;q1),
der(4)t(4;13)(q10;q?) X 2, der(4)t(4;11;4), are probably a
secondary event (Figure 5).

However, although the presence of non-ran-
dom translocations, such as der(3)t(3;7)(q10;q13),
der(3)t(3;7)(q10;q13), der(5)t(5;8)(q10;q1), der(7)t(7;10)
(q105q1), der(11)t(11;1)(q105?), der(11)t(11;14)(q10;?),
der(11)t(11;14)(q10;?), der(17)t(17;Y), der(18)t(18;6)
(p10;q1), der(19)t(19;1)(q21;qter), indicates the occur-
rence of translocation and hyperdiploidy, none of them
are known have clinical prognostic implications so far.
Therefore, to improve the classification of the disease
according to translocation rather than diploidy group
in order to assign the correct prognostic implications,
further cytogenetic studies to compate the disease stages
combined with a series of clinical data for the evaluation
of cases are necessary.

Accordingly, our findings suggest that the genes in-
volved in the ring marker chromosomes could play a role
in the early stage of tumor development. The correlation
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between the conjecture of the cytogenetic changes and
tumor progression was also consistent with our previous
PET findings. We detected that a 100% initial visual yield
of invasive CCA was observed by the 22nd week in rats;
however, a 50% yield rate of invasive CCA was observed
by the 16th week, and the occurrence of biliary dysplasia
and invasive CCA precedes the development of hepatic
fibrosis by 4 wk''?.

In conclusion, the current CGCCA cell line was well
established and characterized in order to obtain informa-
tion regarding diagnostically useful tumor markers, which
could shed light on a dark area of CCA tumorigenesis for
a future understanding of human clinical therapeutics.

COMMENTS

Background

Cholangiocarcinoma is characterized by a great diversity of symptoms com-
monly occurring in the late course of the disease, and therefore making treat-
ment puzzling. In addition, neither radiation therapy nor chemotherapy signifi-
cantly improves long-term survival rates. However, many data have shown that
the incidence and mortality rates of CCA have been rising worldwide over the
past several decades, particularly the intrahepatic CCA. Therefore, the goal is
to identify potential possible diagnostic biomarkers as the investigation of the
molecular pathophysiology associated with this disease becomes more and
more important and necessary. Herein, the authors developed the rat CCA tu-
mor cells as a cell line designated as Chang Gung CCA (CGCCA).

Research frontiers

Positive immunostaining of CK19, c-Met, COX-1I, and MUC4 determined the
phenotype of the cell line. The genotype was examined by cytogenetic studies,
and the 2-Deoxy-2-("®*F)fluoro-D-glucose-avid character of the CGCCA xeno-
graft of the nude mice was demonstrated by animal PET. All of the evidence
proved that the CGCCA cell line rat was derived from the original primary tumor
formed by the TAA carcinogen.

Innovations and breakthroughs

The current work supports the view that the systematic cell cultures may pro-
vide a relevant CCA model to study the complex mechanisms involved in CCA
by revealing the potential pathogenesis of this disease. In addition, the authors
may be able to determine the possible diagnostic markers for the early detec-
tion and diagnosis of this disease.

Applications

The current CGCCA cell line was well established and characterized in order to
obtain information regarding diagnostically useful tumor markers, which could
shed light on a dark area of CCA tumorigenesis for a future understanding of
human clinical therapeutics.

Peer review

The authors describe the characterization of a new cholangiocarcinoma cell line
model and report its successful implantation into nude mice. The paper is well-
written, clear and concise.
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Abstract

AIM: To investigate the role of a-fetoprotein (AFP), a
cancer-associated fetal glycoprotein, in glucocorticoid-
induced precocious maturation in rat colon.

METHODS: Colons from suckling Sprague-Dawley rats
were used in this study. Corticosterone acetate at a dose
of 100 nug/g body weight was given to normal pups on
days 7, 9 and 11 after birth to induce hypercorticoidism.
Control animals were injected with identical volumes of
normal saline. Some rats receiving corticosterone 7 d af-
ter birth were also treated with mifepristone (RU38486),
a glucocorticoid cytoplasm receptor antagonist to in-
vestigate the effects of glucocorticoids (GCs). The mor-
phological changes of the crypt depth and villous height
of the villous zone in colon were observed as indices
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of colon maturation. Expression levels of AFP in colons
were detected by reverse transcriptase polymerase chain
reaction and Western blotting. To identify the cellular lo-
calization of AFP in developing rat colons, double-immu-
nofluorescent staining was performed using antibodies
to specific mesenchymal cell marker and AFP.

RESULTS: Corticosterone increased the crypt depth and
villous height in the colon of 8- and 10-d-old rats with
hypercorticoidism compared with that in the control ani-
mals (120% in 8-d-old rats and 118% in 10-d-old rats
in villous height, 7 = 0.021; 145% in 8-d-old rats and
124% in 10-d-old rats in crypt depth, 2 = 0.017). These
increases were accompanied by an increase of AFP ex-
pression in both mRNA and protein (2.5-folds in 8-d-
old and 2.5-folds in 10-d-old rats higher than in control
animals, 2 = 0.035; 1.8-folds in 8-d-old and 1.3-folds in
10-d-old rats higher than in control animals, 2 = 0.023).
Increased crypt depth and villous height and increased
expression of AFP in the colon of rats with hypercorti-
coidism were blocked by mifepristone. Both had positive
staining for AFP or vimentin, and overlapped in mesen-
chymal cells at each tested colon.

CONCLUSION: GCs promote the development of rat
colon. AFP appears to be involved, in part, in mediating
the effects of GCs in the developmental colon.

© 2011 Baishideng. All rights reserved.
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INTRODUCTION

Glucocorticoids (GCs) have been routinely used in clini-
cal practice to prevent diseases of prematurity such as
respiratory distress syndrome. GCs treatment may reduce
the incidence of necrotizing enterocolitis" ™, in which a
typical immaturity of the intestine indicated that GCs
may enhance intestinal maturation. Although this regula-
tion seems to be mediated by the GCs receptor pathway,
the precise regulatory mechanisms have not yet been
documented.

The effect of GCs may require interactions with an-
other tissue or cell type, such as mesenchyme!”. During
late embryogenesis, the mouse colon develops from a
pseudostratified, undifferentiated endoderm to a single-
layered columnar epithelium accompanying with mesen-
chymal maturation. Mammalian o-fetoprotein (AFP) is a
single-chain glycoprotein with a molecular mass ranging
from 66 to 72 kDa and 3%-5% carbohydrate (glycan)
content. Recent reports showed that the AFP was ex-
pressed and produced in mesenchymal cells and was
considered as an important growth factor with a specific
function in gastrointestinal development, including pan-
creas and colon™". In contrast, AFP enhancer segment
contains a sequence resembling the steroid hormone
response element and the enhancer activity was mediated
by dexamethasone in a dose-dependent manner"’. Thus,
AFP seems to play a role in GCs-induced precocious gas-
trointestinal maturation.

Numerous investigators have reported the ability of
GCs to stimulate intestinal maturation in postnatal ro-
dents"”". However, little is known about the involvement
of GCs in rat colon during development.

MATERIALS AND METHODS

Chemicals

Corticosterone acetate (CA), gel mount aqueous mount-
ing medium (G0918), and mifepristone were purchased
from Sigma Chemical (St. Louis, USA). TRIZOL reagent
was purchased from Invitrogen Life Technologies (Burl-
ington, Ontario, Canada). Takara RNA polymerase chain
reaction (PCR) 3.0 Kit was from Takara (Dalian, China).
Rabbit anti-goat IgG conjugates and goat polyclonal anti-
AFP were from Santa Cruz Biotech (USA). Monoclonal
antibody of anti-vimentin was from Chemicon Interna-
tional (Temecula, CA, USA). Protease inhibitor cocktail
was from Roche (Mannheim, Germany). Nitrocellulose
membranes were from Bio-Rad (Hercules, CA, USA),
BCA Protein Assay Kit and enhanced chemilumines-
cence reagents were from Pierce (Rockford, IL, USA)
and CBL202 from Chemicon International, Inc. Tem-
ecula (CA, USA).
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Animals
Pregnant female Sprague-Dawley rats in late gestation
were purchased from Nanjing Medical University Ani-
mal Centre. After arrival, cages were checked twice daily
for pups. The day of birth was designated as day 0, and
experiments were conducted at various ages thereafter.
Litter size was restricted to 12 pups per dam that was
performed at day 2 postpartum. All animals were kept
in a temperature-controlled room (22 £ 1°C) and main-
tained on a 12-h light-dark cycle. To prevent the stress of
removing one animal from a cage on sequential days, all
the animals in a cage were killed on a single day. Young
rats were never separated from their mothers except dur-
ing the period of fasting. During this period, the pups
were placed in cages artificially warmed by electric light
bulbs. Before studies, all rats were fasted for various
times. To prevent mortality from prolonged fasting, the
8- and 10-d-old rats were fasted for 18 h, and 14-d-old
rats were fasted for 24 h. Experiments were designed
using littermate controls disregarding the sex of the
pups. All animals were killed between 8 and 10 am'™,
CA was given at a dose of 100 ug/g body weight by in-
traperitoneal injection to normal pups on days 7, 9, and
11 to induce hypercorticoidism. Control animals were
given identical volumes of normal saline!"”. 'To observe
the effect of GCs on suckling rats, another experiment
was designed as follows: 100 pg/g body weight of CA
was given once to pairs of 7-d-old pups (HC group) by
intraperitoneal injection. Control pups (C group) were
injected with identical volumes of normal saline at the
same day. Pups were treated with 50 pg/g body weight
mifepristone (173-hydroxy-11f-4-dimethyl-aminophenyl-
17a-propynylestra-4,9-diene-3-one, RU38486), a gluco-
corticoid cytoplasm receptor antagonist alone (M group),
or 100 pg/g hydrocortisone plus 50 pg/g mifepristone
(H+M group)"”.

Colons from control and hypercorticoidism rats at 8,
10 and 14 d of age were used in this study and five rats
were used in cach age stage. Samples were fixed in 4%
paraformaldehyde overnight at 4°C followed by a stan-
dard protocol of dehydration and paraffin embedding;
Five-micrometer sections were prepared for morphologi-
cal and fluorescence immunohistochemical studies. Total
RNA and lysate were extracted from tissues at each time
point for the reverse transcriptase PCR (RT-PCR) and
Western blotting analysis. The study protocol was ap-
proved by the Nanjing Medical University Animal Care
and Use Committee.

Morphology

Routine hematoxylin and eosin-stained sections for light
microscopic (LM) evaluation were used to study the
hormonal effects in the morphological development of
colon. Slides were viewed under an Olympus BX51 mi-
croscope (Olympus Optical, Tokyo, Japan). Morphologic
measurement made by the same technician was blinded
to the different treatment groups. Under LM, the crypt
depth and villous height of the villous zone were mea-

June 28, 2011 | Volume 17 | Issue 24 |



sured using an image analysis system (NYD100). The
group means were obtained based on 10 villi and 20
crypts per slide, with a minimum of five animals in each

group.

Serial levels of AFP

Blood samples of rats were centrifuged at 2000 X g for
20 min, and sera were stored at -20°C until analyzed.
AFP levels in the rat serum were measured by the routine
standard radioactive method used in the Nanjing Clinical
Nuclear Medicine Center (Nanjing, China).

RNA expression of AFP

Total RNA was isolated from tissues by Trizol according
to the protocol supplied by the manufacturers. cDNA
was synthesized using Takara RNA PCR 3.0 Kit in a total
volume of 10 uL, containing 0.5 pyL. avian myeloblasto-
sis virus RT, 0.5 pL. random 9 primer, 2 pL 25 mmol/L
MgClz, 1 uL. 10 X RT buffer, 1 ul. ANTP mixture (each
10 mmol/L), 0.25 uL. RNase inhibitor, 1 pL. RNA, and
3.75 uL. dH:20. Conditions for RT were: 30°C for 10 min,
42°C for 25 min, 99°C for 5 min, and 5°C for 5 min.
PCR was performed in 50 pl reactions containing 2.5 ng
cDNA, 1 pL each primer pair, and 25 pL. Premix Tag in
the Takara RNA PCR kit. PCR was carried out in a T-gra-
dient Biometra PCR thermal cycler (Montreal Biotech
Inc., Kirkland, Quebec, Canada) to determine the anneal-
ing temperature for each paired primers. The following
AFP primer pairs were used: 5'-GCTGAACCCAGAG-
TACTGCAC-3' (forward), and 5'-GACACGTCGTAG-
ATGAACGTG-3' (reverse). Amplification reactions were
carried out for 30 cycles at 94°C for 30 s, 58.4°C for 30 s,
and at 72°C for 1 min.

The amplified products were 443 bp and analyzed
on 1% agarose gels and visualized by ethidium bromide
staining. Omitting RT, cDNA or DNA polymerase were
adopted in the controls, and showed no reaction bands.
The data were normalized by actin.

Protein expression of AFP

The tissues were homogenized in a sample buffer con-
taining 50 mmol/L Tris-HCI (pH 7.5), 150 mmol/L
NaCl, 5 mmol/L EDTA, 10 mmol/L NaF, 1 mmol/L
sodium orthovanadate, 1% Triton X-100, 0.5% sodium
deoxycholate, 1 mmol/L phenylmethylsulfonyl fluoride
and protease inhibitor cocktail. An equal amount of
protein samples were sepatrated by 12.5% SDS-polyacryl-
amide gel electrophoresis (SDS-PAGE). After transferred
to nitrocellulose membranes and blocked with 5% fat-
free milk in Tris-buffered saline plus 0.05% Tween 20
overnight at 4°C, polyclonal antibody for AFP and the
corresponding secondary antibody were applied. Blots
were visualized with enhanced chemiluminescence re-
agents and exposed to X-Omat BT film. Signal intensity
was quantified using a Bio-Rad image analysis system and
the results were normalized to band intensities at e18.5.
The B-actin was used as an internal control and the pri-
mary antibody was omitted for negative controls.
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Regional and cellular localization of AFP
Double-immunofluorescent staining of AFP and vimen-
tin, a specific marker of mesenchymal cell, were used to
determine the regional and cellular localization of AFP in
rat colons. Staining was performed according to the stan-
dard procedures. Briefly, the sections were deparaffinized
in xylene, cleared with graded ethanol in phosphate
buffered saline (PBS), and then placed in 10 mmol/L
citrate buffer (pH 6.0) for 15 min at 100°C for antigen
retrieval. The sections were applied to goat anti-AFP
polyclonal antibody overnight at 4°C and then linked with
FITC-labeled rabbit anti goat-IgG. After washing by Tris
buffered saline (ITBS), mouse anti-vimentin monoclonal
antibody and rhodamine-labeled anti-mouse IgG were
applied. Sections were placed in Gel Mount aqueous
mounting medium with a cover glass and were examined
under an Olympus BX51 microscope. Controls were
treated by omitting the primary or secondary antibod-
ies. No staining was observed under the negative control
conditions. Images were taken at a magnification of X
200. An image analysis system (NYD100) was used for
quantitative analysis of cell density (cell number/view
field) of the AFP-positive cells in the rat colon. Four
sections from four rats in each group were used. AFP-
positive cells were counted in five randomly selected view
fields per section at a magnification of X 400. At least 20
fields in each group were analyzed.

Statistical analysis

All experiments were done in triplicate. The experimental
data was analyzed using PDQuest 7.0 software (Bio-Rad
Laboratories, Hercules, CA, USA) and one-way analysis
of variance and paired / test were used. Data were pre-
sented as mean = SD. P < 0.05 was considered statisti-
cally significant.

RESULTS
Morphology

Injecting corticosterone into the suckling animals for 1,
2, and 3 d showed no effect on the animal’s intestinal and
body weights (data not shown). The crypt depth and vil-
lous height after corticosterone treatment were higher in
the colon of 8- and 10-d-old rats with hypercorticoidism
than in the control animals and did not influence those in

the 14-d-old rats with hypercorticoidism (Table 1).

Expression of AFP

The serum AFP levels in the rats were near 18 pmol/L
in all measured rats and had no difference between hy-
percorticoidism and control animals (data not shown).
In this study, we analyzed the effect of corticosterone on
the level of AFP mRNA by RT-PCR. The AFP mRNA
concentration increased significantly after corticosterone
treatment, by 2.5-folds in the 8-d-old and 2.5-folds in the
10-d-old rats compared with those in the control animals
(Figure 1). The transcriptional regulation of AFP expres-
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Villous height (um)

Crypt depth (um)

8d 10d 14d 8d 10d 14d
Controls 124.6 +41.4 1659 +34.4 254.3+57.7 26.9+10.3 40.4 £14.7 53.0+235
CA 151.1 £35.1° 196.9 £ 29.6 2485+42.3 39.1+5.7° 50.3 +13.6" 60.5+15.6
P < 0.05 vs control. CA: Corticosterone acetate.
A 8d 10d 14d
HC c HC C HC C

8d 10d 14d
Controls 21.6 4.7 14.1+43 123+52
CA 382+5.2° 23.8+25" 11.5+23

P < 0.05 vs control. CA: Corticosterone acetate.

A 8d 10d 14d

bp Marker HC C HC C HC C

1200
900
700

500
300

AFP (443 bp)

B-actin (167 bp)

100

20
1.8 -
1.6 -
1.4
1.2 -
1.0 -
0.8
0.6 -
04 -

—4— HC
--#&-- Control

AFP/B-actin (% of 8 d C)

0.0

8d 10d 14d

Figure 1 Expression of a-fetoprotein mRNA by reverse transcriptase
polymerase chain reaction analysis in colons of suckling rats treated with
or without hydrocortisone. Molecular weight markers are indicated on the left.
A: The o-fetoprotein (AFP) mRNA levels in colons of hydrocortisone-treated
animals were higher than in controls of 8- and 10-d-old rats; B: Results are
indicated in percentage above the B-actin value and are representative of three
independent experiments. °P < 0.05 vs controls; C: Pups received saline; HC:
Pups received hydrocortisone.

sion of corticosterone was confirmed by the Western

blotting analysis (Figure 2).

Regional and cellular localization of AFP

The AFP positive cells were scattered on the epithelium
in either corticosterone treated or untreated rats. The cell
density of AFP-positive cells was higher in 8- and 10-d-old
corticosterone-treated rats than in control animals (Table
2). Double-immunofluorescent staining for the vimentin
and AFP showed that there was complete ovetlap between
the AFP-positive cells and the antibody staining for vimen-
tin in all the tested animals (Figure 3).
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AFP (72 kDa)

B-actin (42 kDa)
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Figure 2 Expression of o-fetoprotein protein by Western blotting analysis
in colons of suckling rats treated with or without hydrocortisone as indi-
cated in lanes, respectively. Western blotting analysis using a-fetoprotein (AFP)
(C-19), revealed a 72 kDa isoform. A: AFP levels in colons of hydrocortisone-
treated animals were higher than in controls of 8- and 10-d-old rats; B: Results
are indicated in percentage above the B-actin value and are representative of
three independent experiments. °P < 0.05 vs controls; C: Pups received saline;
HC: Pups received hydrocortisone.

Effect of mifepristone

The effect of increased crypt depth and villous height
in the colon of 8-d-old rats with hypercorticoidism was
blocked by mifepristone (Figure 4). The increased expres-
sion of AFP was also inhibited in the rats treated with
mifepristone (Figure 5).

DISCUSSION

Although rodent colon may differ from human colon in
the breadth of its responses to GCs, it is nevertheless a
useful model to address issues related to morphological
maturation, since the development of gastrointestinal
functions is similar in all mammals. The aim of this study
was to assess the role of exogenous GCs in the matura-
tion of the colon. Accordingly, we used the rats in the
first postnatal week whose circulating concentrations of
natural GCs were very low (< 0.5 pug/mL)".

Exogenous administration of GCs causes precocious
maturation of the intestine. In this study, GCs did result
in an increase in villous height and crypt depth of the
colon (Table 1) in 8- and 10-d-old rats compared with the
age-matched controls. This effect was completely blocked
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AFP Vimentin AFP vimentin

Figure 3 Immunofluorescence localization of o-fetoprotein and vimentin in the suckling rats treated with or without hydrocortisone. Labeling by the
a-fetoprotein (AFP) antibody was detected with a fluorescein isothiocyanate (green) labeled secondary antibody. Labeling of vimentin was detected with a rhodamine-
(red)-labeled secondary antibody on the same section. The overlap of AFP (green) and vimentin (red) labeling displayed orange color. Double-staining revealed com-
plete colocalization of AFP and vimentin in the same cells of rat colons treated with or without hydrocortisone. All of the primary magnifications are x 200.
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Figure 4 Morphological changes in colons of suckling rats treated with or
without hydrocortisone, hydrocortisone + mifepristone and mifepristone
alone. Villous height (A) and crypt depth (B) were determined. Each data point
(£ SD; bars) is the mean of four independent trials. C: Pups received saline;
HC: Pups received hydrocortisone; HC+M: Pups treated with both hydrocor-
tisone and mifepristone; M: Pups treated with mifepristone only. °P < 0.05 vs
control animals; °P < 0.01 vs hydrocortisone-treated animals.

by the mifepristone, a glucocorticoid cytoplasm receptor
antagonist (Figure 4). It is possible that GCs had a preco-
cious effect on the development of rat colon in the first
postnatal week, and in the rat small intestine as well”*".
In contrast, the GCs had no effect on the colon in
14-d-old rats. It has been suggested that immature gastro-
intestinal tract seems to have more sensitive responsiveness
to the regulation of GCs”. It is possible that prepartum
cellular differentiation progtresses until day 10 in rats after
birth®. On the other hand, cytoplasm receptors of GCs
are activated after the binding of GCs that allows their
translocation to the nucleus. Of note is the pattern of on-
togeny changes in the concentration of GCs receptors in
the small intestine as cytoplasm GCs receptors are present
in the intestine at all ages, but at higher concentrations dut-
ing the two postnatal weeks than in older rats™. Moreover,
GCs receptors themselves have been shown to down-
regulate by GCs through GCs enhanced expression of a
factor (repressor), which binds the regulatory sequence in
the GCs receptor gene promoter””. This might serve as a
negative feedback control in the GCs response systems un-
der developmental conditions. In 14-d-old rats, the plasma
corticosterone of GCs was raised to 5 pg/mL"", and a
loss of responsiveness to GCs for colon development
might occur in these rats. No effect of exogenous GCs

administration could be also explained by a fall in GCs re-
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Figure 5 o-fetoprotein expressions in 8-d-old rat colons treated with or
without hydrocortisone, hydrocortisone + mifepristone and mifepristone
alone. a-fetoprotein (AFP) expression was determined by the Western blot-
ting using AFP polyclonal antibody (A), and results indicated are in percentage
above the B-actin value and are representative of three independent experi-
ments (B). Each data point (+ SD; bars) is the mean of four independent trials. C:
Pups received saline; HC: Pups received hydrocortisone; HC+M: Pups treated
with both hydrocortisone and mifepristone; M: Pups treated with mifepristone
only. P < 0.05 vs control animals; °P < 0.01 vs hydrocortisone-treated animals.

ceptors in 14-d-old rats with a natural rise in corticosterone
level, although this was not tested in this study.

AFP is known to be associated with the successful
completion of term pregnancies in mammals and even
minute amounts of AFP may still be necessary dut-
ing human pregnancym. The capability of both up and
down modulation of growth and differentiation as a
dose-dependent function of AFP has been demonstrated
in a multitude of cell types, including placental, ovarian,
uterine, and lymphoid, epidermal, endothelial, testicular,
breast, and liver™ . In our previous studies, we indicated
that AFP was expressed and produced in mesenchymal
cells, which might act as a potent paracrine regulator of
colonic cell proliferation and organ maturation'"”. In this
study, exogenous administration of GCs demonstrated
an increased expression of AFP, this effect was also in-
hibited by mifepristone (Figures 2 and 3). Double-immu-
nofluorescent staining for the vimentin, a mesenchymal
cell marker, and AFP showed that the AFP was localized
in the mesenchymal cells both in GCs-treated and control
colons, similar to our previous study'"’.,

In present study, the AFP levels in the rat serum were
near 18 pmol/L in all measured rats and had no difference
between hypercorticoidism and control animals (data not
shown). High cortisone concentration in serum prompts the
acceleration of colonic ontogenesis, and is not accompanied
by an increased level of serial AFP. In the current study, we
did observe an increased expression of AP in both RNA
and protein levels in the GCs-treated premature colon of
rats. Therefore, mesenchymal cell-derived AFP acted as a
potent paracrine regulator in rat developmental colon.
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The effect of GCs may require interactions with an-
other tissue or cell type, such as mesenchyme!”, The epi-
thelial-mesenchymal interactions play an essential role in
the control of gastrointestinal epithelial growth and dif-
ferentiation not only in fetal stages, but also in adults”,
There is no report that GCs could regulate the growth
colonic mucosa directly. Our 7z vitro study also showed a
negative result for GCs stimulating the proliferation of
colonic epidermis (data not shown). The exogenous GCs
were blocked, and the effect of accelerating maturation
and the increased expression of AFP were also inhibited.
Therefore, mesenchymal cell-derived AFP appears to be
responsible, in part, in mediating the effects of GCs on
developmental colon. Our present study may help us dis-
cern whether the epithelial-mesenchymal interactions and
the effect of GCs enhance intestinal maturation in the
gastrointestinal tract.

The involvement of GCs in AFP expression in the
gut still remains an open question. Studies are now in
progress in our laboratory using animal and tissue culture
models to test it.

In summary, our present study for the first time dem-
onstrated that GCs promote the development of rat co-
lon. AFP appears to be responsible, in part, in mediating
the effects of GCs on developmental colon. The exact
function of AFP in rat colon development remains to be
determined.
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colon development remains to be determined.

Applications

This animal model is a useful tool for the study of mechanism of gastrointestinal
mucosal proliferation and differentiation in vivo.

Terminology

Corticosterone acetate is a chemical compound of GCs. Mammalian AFP is
a single-chain glycoprotein with a molecular mass ranging from 66 to 72 kDa
and 3%-5% carbohydrate (glycan) content.

Peer review

This is an excellent study.
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Abstract

AIM: To investigate whether this might be related to
the presence of hyperhomocysteinemia.

METHODS: From January 1998 to December 2008,
we evaluated the presence of hyperhomocysteinemia in
a series of 165 adult celiac disease (CD) patients (138
females and 27 males, mean age 43 years).
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RESULTS: Hyperhomocysteinemia was evident in 32
patients (19.3%), although most of them had moder-
ate levels (mean value 25 mcg/ml; range 15-30). Only
one patient had a history of myocardial infarction (het-
erozygosis for N5-N10-metil tetrahydrofolate reductase
mutation).

CONCLUSION: The systematic assessment of hyper-
homocysteinemia seems, at present, unjustified in CD
patients.

© 2011 Baishideng. All rights reserved.
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INTRODUCTION

Hyperthomocysteinemia, considered as an important risk
factor in venous thrombosis' ”, has a prevalence in the
general population of 5%-7%", and causes damage of
the vascular endothelium by disrupting the release of ni-
tric oxide, an important vasodilator factor™, followed by
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platelet activation and thrombus formation'.

Celiac disease (CD) is a gluten-sensitive enteropathy
due to intolerance to dietary wheat gliadin and related
proteins in genetically predisposed individuals”. The
malabsorption of folates and vitamins (the deficiency of
which may be a cause of hyperhomocysteinemia) is fre-
quent in CD patients, either in the classic or oligosymp-
tomatic t}pem, and several cases of thrombosis have been
reported in patients with CD before establishing a diagno-
sis of gluten-related duodenal mucosal damage[&gj. Thus,
we investigated the presence of hyperhomocysteinemia
in a series of patients with CD, to see whether it might
be increased and represent a marker of increased venous
thrombosis in these patients.

MATERIALS AND METHODS

Patients

In the period January 1998-December 2008, 165 patients
with CD (27 men, 138 women, mean age 43 years) were
studied. Inclusion critetia were: positivity for anti-endo-
mysial IgA and anti-transglutaminase IgA antibodies (Eu-
rospital, Trieste, Italy) and duodenal histology suggestive
for CD.

Histological assessment

Four samples were obtained by endoscopy forceps from
the proximal and distal parts of the duodenum. The
biopsies, correctly oriented on acetate cellulose filters
(Bio-Optica, Milano, Italy), were fixed in 10% buffered
formalin, processed and included in paraffin. After
obtaining 5 pum thick sections, these were stained with
Hematoxylin-Eosin; some sections were also processed
for immunohistochemistry and stained with an anti-CD3
monoclonal antibody (Dako, Denmark) to identify intra-
epithelial lymphocytes (IEL). IEL density was expressed
as the number of IEL/100 epithelial cells, with a density
value of > 25 cells considered as pathological. Histologi-
cal classification was based on the Marsh-Oberhuber
criteria"” and a new, recently proposed simpler classifica-
tion""' (Table 1).

Laboratory assessment
Serum homocysteinemia, vitamin B12 and folic acid lev-
els were measured in all patients. In case of hyperhomo-
cysteinemia, mutations in N5-N10-metil tetrahydrofolate
reductase (MTHFR), cystathionine beta synthetase (CBS)
and the prothrombin gene were searched for. DNA was
extracted from whole blood collected in tubes contain-
ing K3-EDTA using a commercial kit (Genomic DNA
Isolation kit, Puregene -Gentra System). DNA analysis
for MTHFR gene mutation (C677T) was performed by
a PCR-RFLP method, as previously described". A trag-
ment of 232 base pairs was then amplified by polymerase
chain reaction. The fragment was digested by Hinf 1
restriction enzyme, and subsequent electrophoresis on
ethidium bromide stained 3% agarose gel was performed.
The concentration of total homocysteine in plasma
(K3-EDTA tubes) was determined by high performance

(49
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Histologic IEL Glandular Villi Simplified
type crypts

0 Normal (<25/100 Normal Normal Normal

epithelial cells)
1 Increased Normal Normal Grade A
2 Increased Hyperplastic Normal Grade A
3a Increased Hyperplastic Mild atrophy Grade Bl
3b Increased Hyperplastic Moderate Grade Bl
atrophy
3c Increased Hyperplastic Severe (total) Grade B2

atrophy

IEL: Intra-epithelial lymphocytes.

liquid chromatography, as previously described"!. Basal
hyperhomocysteinemia (normal value 5-15 pmol/L)
was classified as moderate (16-30 pmol/L), intermediate
(31-100 pmol/L) and severe (> 100 pmol/L) accord-
ing to Hankey ez al™. In all patients, the presence of any
thrombotic episode was also evaluated.

The study was approved by the Institutional Review
Board of the Desio Hospital.

RESULTS

Histological findings

Most CD patients (24/32, 75.0%) showed mild to severe
villous atrophy, with the latter being present in 41.0% of
patients (Table 2).

Laboratory findings

Overall, hyperhomocysteinemia was detected in 32 (19.4%)
CD patients (24 women, 8 men); average symptoms’ on-
set was 7 (range 1-40) years. Table 3 shows the serologic
findings of these patients. Most patients (29/32, 91.0%)
had moderate hyperhomocysteinemia, two (6.0%) in-
termediate and one (3.0%) severe increase of this value.
Mutation of MTHFR was found in 13 (41.0%) patients, 7
homozygotes and 6 heterozygotes; one patient displayed
heterozygotic mutation of the prothrombin gene. No
CBS mutations were found.

Serum B12 vitamin levels were low in 5 (15.6%)
patients and serum folate levels were low in 6 (19.0%)
patients. No correlation (Spearman’s test) was found be-
tween serum homocysteine and age (» = 0.10, P = 0.58),
gender (r = 0.66, P = 0.07), onset of symptoms (r =
-0.06, P = 0.75), vitamin B12 (r = -026, P = 0.14), folic
acid (» = 0.05, P = 0.75), and histological grading (r =
-0.01, P = 0.9). Moreovet, no cortelation was also found
between histological grading, vitamin B12 (» = -0.10, P =
0.56) and folic acid (r = -0.2, P = 0.3) values.

Clinical findings

Concerning vascular pathology, one patient with hetero-
zygosis for MTHFR mutation and moderate hyperhomo-
cysteinemia had myocardial infarction, whereas the single
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No. Sex/age (yr) Histology (Marsh/simplified Associated
classification) diseases

1 F/37 Marsh 2 (Grade A) IgA deficit

2 F/38 Marsh 3a (Grade B1)

3 M/34 Marsh 3a (Grade B1)

4 F/32 Marsh 3¢ (Grade B2)

5 F/20 Marsh 3¢ (Grade B2)

6 F/47 Marsh 3b (Grade B1)

7 F/64 Marsh 1 (Grade A)

8 F/41 Marsh 3¢ (Grade B2) Epilepsy

9 F/22 Marsh 2 (Grade A) IgA deficit

10 F/61 Marsh 3a (Grade B1)

11 M/44 Marsh 3¢ (Grade B2) NASH

12 F/35 Marsh 3¢ (Grade B2) type 1 diabetes

13 F/39 Marsh 3c (Grade B2)

14 F/40 Marsh 3¢ (Grade B2)

15 F/56 Marsh 3¢ (Grade B2) PBC

16 F/35 Marsh 3¢ (Grade B2)

17 F/42 Marsh 2 (Grade A)

18 M/33 Marsh 3b (Grade B1) Sarcoidosis

19 F/31 Marsh 3a (Grade B1)

20 F/42 Marsh 3a (Grade B1)

21 M/28 Marsh 3a (Grade B1)

22 F/41 Marsh 3c (Grade B2)

23 F/45 Marsh 3c (Grade B2)

24 F/21 Marsh 3a (Grade B1)

25 F/29 Marsh 3b (Grade B1)

26 F/55 Marsh 3a (Grade B1) Osteoporosis

27 F/78 Marsh 3c (Grade B2)

28 M/47 Marsh 3¢ (Grade B2)

29 M/63 Marsh 3b (Grade B1) Psoriasis, myo-

cardial infarction

30 M/18 Marsh 3a (Grade B1)

31 M/40 Marsh 1 (Grade A)

32 F/32 Marsh 3a (Grade B1) Sarcoidosis

IgA: Immunoglobulin A; PBC: Primary biliary cirrhosis.

patient with severe hyperhomocysteinemia underwent
coronary angiography for atypical chest pain, but no evi-
dence of vessel pathology was found. No patient in this
series had episodes of venous or arterial thrombosis, or
any stroke episodes.

DISCUSSION

Our findings show that hyperhomocysteinemia is relative-
ly frequent in patients with CD, being present in about
20% of the patients in our series. Hyperhomocysteinemia
might represent a link between undiagnosed gluten-sensi-
tive enteropathy and some of its complicationsm]. Inter-
estingly, these results were similar to those obtained in an
overlapping geographic area, which showed the presence
of hyperhomocysteinemia in about 20% of newly diag-
nosed CD patients compared to about 6% of controls"”.

Hyperhomocysteinemia may be due to genetic fac-
tors, with CBS deficiency being considered the most
common genetic cause™"’!
vitamin B12 deficiencies®'"”. A homozygous deficiency
of MTHFR, the vitamin B12 dependent enzyme for the

, or from acquired folate and
[18
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No. Serum homo- Serum B12 Serum folic Genetic
cysteine (NV vitamin (NV acid (NV mutation
5-15 pmol/L) 190-66 pg/mL) 2-14 ng/mL)

1 14 365 10

2 135 267 4.7

3 15 369 6

4 20 356 1

5 13 174 MTHER (het)

6 21 311 1.5

7 15 354 12

8 44 293 52 MTHER (hom)

9 15 493 6 MTHER (hom)

10 17 333 1 MTHER (het)

11 19 383 3

12 17 198 2

13 15 400 3 MTHER (het)

14 27 720 4 MTHER (hom)

15 13 699 3 MTHER (hom)

16 21 246 24

17 18 265 51

18 19 282 1 Prothr (het)

19 20 457 3 MTHER (hom)

20 14 555 0.5

21 13 291 2

22 23 280 6

23 14 329 1 MTHER (het)

24 17 684 10

25 19 566 5.6

26 20 188 2

27 20.5 154 3

28 20.5 216 2 MTHER (het)

29 16 164 13 MTHER (het)

30 25 555 8

31 149 150 2 MTHER (hom)

32 31 385 2 MTHER (hom)

het: Heterozygosis; hom: Homozygosis; MTHFR: N5-N10-metil tetrahy-
drofolate reductase.

remethylation of homocysteine to methionine, may cause
hyperhomocysteinemia and it has a worse prognosis than
CBS deficiency for the absence of an effective therapy™”.
Morteover, treatment with a gluten-free diet and folic acid
in CD patients with MTHFR variants does not consis-
tently improve hyperhomocysteinemia™.

Thus, CD (in which malabsorption of folate and vi-
tamin B12 is common'™) might lead to increased cardio-
vascular risks due to an increase of secondary (acquired)
hyperhomocysteinemia, further aggravated by the pos-
sible presence of genetic abnormalities responsible for
hyperhomocysteinemia. However, notwithstanding the
relative frequency of hyperhomocysteinemia in our CD
patients, this was almost always of moderate entity, with
only one patient displaying high levels. Interestingly, the
only patient to have a cardiovascular event (myocatdial
infarction) had relatively low levels of hyperhomocystein-
emia and presented heterozygous mutations of MTHFR.
No CBS mutations were found in our series. Only one
mutation of the prothrombin gene was found, and this is
in line with the paucity of reports of such mutations in
CD patients™.
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In conclusion, at present it seems unnecessary to sys-
tematically investigate CD for the presence of hyperhomo-
cysteinemia; conversely, a serological screening for CD in
patients with hyperhomocysteinemia, cardiovascular events
and vitamin deficiency could be considered, especially
because adult CD patients may display only a few to no
intestinal syrnptoms[24’25]
rarely be due to a thrombotic event

COMMENTS

Background

Venous thrombosis has been reported in patients with celiac disease (CD).
Since this might be related to hyperhomocysteinemia, a risk factor for vascular
disease, we investigated the prevalence of hyperhomocysteinemia in a series
of adult celiac patients.

Research frontiers

An increased prevalence of hyperhomocysteinemia in CD might lead to in-
creased cardiovascular risk.

Innovations and breakthroughs

To date, most data on this topic originates from single reports, and only one
other study investigated systematically celiac patients.

Applications

It appears that, given the low prevalence of hyperhomocysteinemia in celiac
patients, it is unnecessary to screen systematically patients; this is useful infor-
mation in terms of sanitary expenses.

Peer review

The authors evaluated in a cohort of 165 CD patients the presence of hyperho-
mocysteinemia during a period of time of 10 years. They showed that seems
unnecessary to investigate systematically CD for the presence of hyperhomocys-
teinemia. Their work could contribute to the epidemiologic information of the CD
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, and the onset of the disease may
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Abstract

AIM: To analyze the association between the emer-
gence of tyrosine-methionine-asparatate-asparatate
(YMDD) mutants (reverse transcription; rtM2041/V) and
deterioration of liver function during long-term lamivu-
dine treatment of Japanese patients with chronic hepa-
titis B virus (HBV) infection.

METHODS: The data of 61 consecutive Japanese pa-
tients with chronic hepatitis B who underwent continu-
ous lamivudine treatment for more than 24 mo and had
a virological response were analyzed. Analysis of YMDD
mutants was done by real-time polymerase chain reac-
tion with LightCycler probe hybridization assay for up to
90 mo (mean, 50.8 mo; range, 24-90 mo).
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RESULTS: A mixed mutant-type (YMDD + tyrosine-iso-
leucine-asparatate-asparatate: YIDD or tyrosine-valine-
asparatate-asparatate: YVDD) or a mutant-type (YIDD
or YVDD) were found in 57.4% of 61 patients at 1 year,
78.7% of 61 patients at 2 years, 79.6% of 49 patients
at 3 years, 70.5% of 34 patients at 4 years, 68.4% of
19 patients at 5 years, 57.1% of 14 patients at 6 years,
and 33.3% of 6 patients at 7 years. Of the 61 patients,
56 (92%) had mixed mutant- or a mutant-type. Only
5 (8%) had no mutants at each observation point. Vi-
rological breakthrough was found in 26 (46.4%) of 56
patients with YMDD mutants, 20 of whom had a hepa-
titis flare-up: the remaining 30 (53.6%) had neither a
virological breakthrough nor a flare-up. All 20 patients
who developed a hepatitis flare-up had a biochemical
and virological response after adefovir was added to
the lamivudine treatment.

CONCLUSION: Our results suggest that it is pos-
sible to continue lamivudine treatment, even after the
emergence of YMDD mutants, up to the time that the
patients develop a hepatitis flare-up.

© 2011 Baishideng. All rights reserved.
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INTRODUCTION

Chronic hepatitis B virus (HBV) infection affects more
than 350 million people worldwide, with 75% living in
the Asia-Pacific region[l’Z]. Although Japan was historically
endemic for HBV infection, our previous studies have
shown that the prevalence of hepatitis B surface antigen
(HBsAg) carriage in Okinawa, Japan markedly decreased
from 12.4% in 1970 to 4.2% in 1996"". However, chron-
ic HBV infection continues to be a major health problem
because it leads to the development of liver cirrhosis,
hepatocellular carcinoma (HCC), and raises the risk of
hepatic disease-related death. Because HBV replication
is associated with liver injury, therapy for patients with
chronic HBV infection aims to stop or reduce disease
progression and to prevent the development of hepatic
decompensation through the sustained suppression of
HBV replicationm. For this purpose, interferon or oral
antiviral nucleos(t)ide analogues, such as lamivudine,
adefovir, entecavir, telbivudine and tenofovir have been
approved for the treatment of patients with chronic
HBYV infection. Previous studies have shown that HBV
genotype influences liver disease progressionmﬂ, and our
epidemiological study of the Japanese HBV genotype
distribution showed that most patients were infected with
genotype C". Because genotype C has been reported to
be associated with severe liver damage and to be resistant
to non-pegylated interferon™" Japanese patients with
chronic hepatitis B are often given nucleos(t)ide analog
treatment. Nucleos(t)ide analogs have fast and potent
inhibitory effects on HBV polymerase and reverse tran-
scriptase activity, are safe and easy to use, and can induce
HBV DNA suppression, alanine aminotransferase (ALT)
normalization and improvement of liver histology[l1’14].

Lamivudine is the first oral nucleoside analogue to
be approved for the treatment of chronic hepatitis B
patients, and it has been shown to suppress HBV rep-
lication by interfering with HBV DNA polymerase and
disease activity, to reduce the incidence of HCC, and to
improve survival™?, A study that included a large num-
ber of Japanese chronic hepatitis B patients showed lami-
vudine to have good virological and biochemical efficacy
in long-term treatment'”,

Although there is much evidence supporting the
effectiveness of lamivudine for chronic hepatitis B pa-
tients, the clinical benefit of lamivudine treatment has
been eroded, in the case of long-term treatment, by the
emergence of lamivudine-resistant HBV mutants with
mutation of the reverse transcriptase domain of the poly-
merase gene. The emergence of lamivudine-resistant mu-
tants is mainly based on point mutation from methionine
to valine/isoleucine at rt204 (rt204V/1) in the tyrosine-
methionine-asparatate-asparatate (YMDD) motif'®, The
emergence of lamivudine-resistant HBV has been linked
to virological breakthrough, sometimes followed by bio-
chemical breakthrough, and to flare-ups of hepatitis"”.

The detection of YMDD mutants has mainly been
done by methods such as direct DNA sequencing or
hybridization™?"] but these methods are labor-intensive
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and time-consuming. Fluorometric real-time polymerase
chain reaction (PCR) with the LightCycler probe hybrid-
ization assay is reported to be an easy, rapid and accurate
method for the detection of YMDD mutants™*), Few
studies have sequentially assessed the emergence of
YMDD mutants during long-term lamivudine treatment
in Japan. The aim of the present study was to analyze the
association between the emergence of YMDD mutants
and deterioration of liver function during long-term lami-
vudine treatment of Japanese chronic hepatitis B patients
by use of the LightCycler probe hybridization assay.

MATERIALS AND METHODS

Patients

The study included 61 consecutive Japanese patients with
chronic hepatitis B who underwent continuous lamivu-
dine treatment for more than 24 mo, and had a virologi-
cal response (defined as a decline of more than 4.0 log
copies/mL in HBV DNA level during treatment). The
patients started lamivudine treatment between February
2001 and May 2007 at the Department of General Inter-
nal Medicine, Kyushu-University Hospital in Fukuoka,
Japan. Before the start of lamivudine treatment, all pa-
tients had HBsAg and detectable levels of HBV DNA
by PCR assay. The diagnosis of chronic hepatitis and
cirrhosis was based on a liver biopsy for most patients,
but if unavailable it was based on clinical laboratory and
ultrasonography data. None of the patients tested posi-
tive for antibody to hepatitis C virus or human immuno-
deficiency virus type 1, nor was there evidence of other
forms of liver diseases, such as alcoholic liver disease,
drug-induced liver disease, or autoimmune hepatitis.

All patients received lamivudine (Zeffix, Glaxo Smith
Kline, UK) in a single oral daily dose of 100 mg. Obser-
vation was for up to 90 mo (mean, 50.8 mo; range, 24-
90 mo) after the start of lamivudine administration, and
the emergence of YMDD mutants during treatment was
identified using the LightCycler probe hybridization assay.
Serum ALT, hepatitis B e antigen (HBeAg), anti-HBe,
and HBV DNA were measured every 1-2 mo. Sera were
tested for mutation of the HBV polymerase gene every
6-12 mo during treatment.

Definitions of “virological breakthrough” and “flare-up”
of hepatitis

Virological breakthrough was defined as an increase in
serum HBV DNA of more than 1 log copies/mL from
the nadir of the initial responsem. A flare-up of hepatitis
was defined as an increase in ALT level to more than 3
times the upper limit of normal.

Routine laboratory tests and viral markers

Biochemical tests were performed using standard proce-
dures before and at least once monthly during treatment.
HBsAg, HBeAg and anti-HBe were determined by a che-
miluminescence enzyme immunoassay (Abbott Japan Co.,

Tokyo, Japan). HBV genotype analysis was performed by
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a previously reported method””. Serum HBV DNA level
was measured by a PCR-based method (Roche Amplicor
HBV Monitor; Roche Diagnostics, Mannheim, Germany).
The detection range of the assay was between 2.6 (corre-

sponding to 400 copies/mL) and 8.7 log copies/mL.

Serum samples and extraction of HBV DNA

Serum samples were obtained from all patients before
and during lamivudine treatment and stored at -20°C un-
til use. HBV DNA was extracted from serum using the
QIAamp DNA mini kit (Qiagen Ltd., Crawley, United

Kingdom) according to the manufacturer’s instructions.

Monitoring the emergence of lamivudine-resistant
mutants by the LightCycler probe hybridization assay
Lamivudine-resistant mutation was detected by rapid
PCR amplification across the YMDD-encoding gene
locus and analysis of the hybridization kinetics of an in-
tegrated probe to infer its sequence was done using the
LightCycler (Roche Diagnostics) according to the method
reported by Whalley e# a/”.

Briefly, HBV DNA was extracted from serum, and a
399 bp region of the polymerase gene was amplified by
hemi-nested PCR assay. The amplified PCR product was
denatured and hybridized to the Bi-probe system, which
uses Cy5-labeled probes in conjunction with SYBR
Green I (Bio/Gene, Kimbolton, United Kingdom). The
LightCycler was used for amplification of PCR clones
and to determine the melting characteristics of the probe-
amplification hybrid. A melting curve analysis of the data
was performed using the LightCycler analysis software
v3.5 (Roche Diagnostics). Melting curves were converted
to melting peaks by plotting the negative derivative of
fluorescence with respect to temperature (-dF/dT). This
analysis gave the melting temperature (IT) at which
50% of the hybridizing probe was annealed to the PCR
product. Because the presence of a single-base mismatch
results in a shift in the melting temperature to a tem-
perature lower than that for the probe-specific sequence,
analysis of the probe melting curves allows differentia-
tion of the wild-type YMDD from the YMDD mutants
including YIDD, YVDD, and the YMDD/YIDD and
YMDD/YVDD mixed types. The detection limit of this
assay was about 10%-20% of the total virus pool (data
not shown).

Statistical analysis

The distribution of continuous variables was analyzed
by the Mann-Whitney U test. Differences in proportions
were tested by Fisher’s exact test. A two-tailed P value
of less than 0.05 was considered statistically significant.
Statistical analysis was performed with the SPSS statistical
package (version 11.0, SPSS, Inc., Chicago, IL, USA).

RESULTS

Baseline characteristics
Of the 61 patients, 45 were male with a median age of
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Figure 1 Melting curve analysis using the LightCycler probe hybridiza-
tion assay. The melting curves were converted to melting peaks by plotting
the negative derivative of fluorescence with respect to temperature [-d(F3)/dT].
The melting temperature (Tm) for each of the YMDD mutants is indicated with
a vertical line. A: Representative results for differentiating HBV YMDD mutants.
YMDD, YVDD and YIDD mutants showed distinct Tm values; B: The shoulder
curve indicated the mixed mutant-type. Representative results show YMDD +
YIDD mutants.

50 years (range, 28-65 years) and 16 female with a median
age of 49 years (range, 38-69 years). All patients were
infected with genotype C, 36 (59%) were negative for
HBeAg, 15 (25%) were cirrhotic, and the median HBV
DNA level was 6.5 log copies/mlL (range, 2.7-8.7 log
copies/mL).

Melting curve analysis for the detection of HBY YMDD
mutants

YMDD mutants were analyzed by melting curve analysis.
The melting peaks of the wild-type and mutant HBV
strains were typically observed at different temperatures,
as shown in Figure 1A. The melting temperatures of
the YIDD and YVDD mutants were approximately 9°C
and 2.5°C lower than that of the wild-type, respectively.
Because the melting curve showed a double peak in the
case of YIDD or YVDD mutant mixed with the wild-
type YMDD, as shown in Figure 1B, this type of melting
curve was considered to be the mixed mutant-type.

Seven-year change in the wild, mixed mutant and
mutant-types

The mixed mutant- or mutant-type was found in 57.4%
of 61 patients at 1 year, 78.7% of 61 patients at 2 years,
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Characteristics Mutant- or Not detected  P-value
mixed mutant-  or wild-type
type (n = 56) (n =5)
No. of men (%) 42 (75.0) 3 (80.0) NS
Age (yr) 50 (28-69) 52 (34-55) NS
ALT level (U/L) 79 (15-1593) 63 (44-108) NS
Albumin (g/dL) .1 (2.9-5.0) .3 (4.0-4.3) NS
Platelet count (x 10*/mL) 13 1(3.3-43.3) 17 8 (15.2-26.0) NS
HBeAg positivity (%) (4 1) ( .0) NS
HBV-DNA level 5 (2.7-8.7) 0(5.4-8.7) NS
(log copies/mL)
Cirrhosis (%) 22 (39.3) 1 (20.0) NS
History of HCC (%) 8 (14.3) 1 (20.0) NS
Virological breakthrough 26 (46.4) 0 <0.0001
(%)
Patients with hepatitis 20 (35.7) 0 <0.0001

flare-ups (%)

Between group comparison was done of whether or not YMDD mutant
was detected at each observation point. ALT: Alanine aminotransferase;
HBeAg: Hepatitis B e antigen; HBV: Hepatitis B virus; HCC: Hepatocellu-
lar carcinoma; NS: Not significant.

100

[J wild type
[ Mixed mutant type
n 801 [ Mutant type
.§ B Not detected
2 60 K
kS
[0}
(o)}
8 40 {
c
8
9]
a 20 H
0

Years of treatment 0 1 2 3 4 5 6 7
No. of patients 61 61 61 49 34 19 14 6

Figure 2 Change in the proportion of YMDD wild, mixed mutant, and
mutant-types during lamivudine treatment.

79.6% of 49 patients at 3 years, 70.5% of 34 patients at
4 years, 68.4% of 19 patients at 5 years, 57.1% of 14 pa-
tients at 6 years, 33.3% of 6 patients at 7 years, as shown
in Figure 2.

Comparison of patients with and without the emergence
of YMDD mutants during treatment
Of the 61 patients, 56 (92%) had the mixed mutant- or
mutant-type: Only 5 (8%) had none of the tested muta-
tions during the observation period. Virological break-
through or a flare-up of hepatitis was observed in 26
(46.4%) and 20 (35.7%), respectively, of the 56 patients
with YMDD mutants. None of the 5 patients without
YMDD mutants had virological breakthrough or a flare-
up of hepatitis. Virological breakthrough or a flare-up
of hepatitis was experienced significantly more often by
patients with than without YMDD mutants (P < 0.0001).
No significant differences in sex, age, pretreatment
ALT level, serum albumin, platelet count, frequency of
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Characteristics HBeAg negative HBeAg positive P-value
(n = 36) (n = 25)

No. of men (%) 28 (78) 17 (68) NS

Age (yr) 50 (29-69) 50 (28-60) NS

HBV DNA level 5.8 (2.7-7.6) 7.6 (4.1-8.7) < 0.0001

(log copies/mL)

Patients with YMDD 33 (92) 23 (92) NS

mutants (%)

Virological 12 (33) 14 (56) NS

breakthrough (%)

Patients with flare-ups 9 (25) 11 (44) NS

of hepatitis (%)

HBeAg: Hepatitis B e antigen; HBV: Hepatitis B virus; NS: Not significant.

HBeAg positivity, pretreatment HBV DNA level, presence
of cirthosis, or history of HCC were observed between
these groups. Of the 56 patients with YMDD mutants,
30 (53.6%) had no virological breakthrough. However,
no significant differences in sex, age, pretreatment ALT
level, serum albumin, platelet count, frequency of HBeAg
positivity, pretreatment HBV DNA level, presence of cir-
rhosis, or history of HCC were observed for the patients
with mutants, with or without virological breakthrough
(data not shown) (Table 1).

Of the 61 patients, 36 (59%) were HBeAg negative.
Although about 90% of patients with or without HBeAg
had YMDD mutants, HBeAg negative patients had a
tendency to have a lower frequency of virological break-
through and hepatitis flare-ups than HBeAg positive pa-
tients. However, no significant between group differences
were found in sex, age, number of patients with YMDD
mutants, the frequency of virological breakthrough and
hepatitis flare-ups; only pretreatment HBV DNA level
showed a significant difference (Table 2).

Characteristics of the patients with hepatitis flare-up

Of the 61 patients, a flare-up of hepatitis was experienced
by 20 (32.8%), 15 (75%) males, 5 (25%) females, median
age 56 years (range, 44-65 years), 11 (55%) with cirrhosis,
and 14 (70%) with HBeAg, All patients who developed
flare-ups of hepatitis following an increase in the HBV
DNA level had YMDD mutation. The peak HBV DNA
level (median 6.7 log copies/mL; range, 5.7-8.0 log cop-
ies/mlL) at the time of a flare-up was significantly lower
than at pretreatment (median 7.6 log copies/mlL; range,
6.0-8.7 log copies/mL) (P < 0.05) (Table 3).

Clinical course of patients with hepatitis flare-up

All 20 patients who had a flare-up were prescribed 10 mg
of adefovir dipivoxil daily, in addition to lamivudine treat-
ment, and all had a biochemical and virological response.

DISCUSSION

Early detection and monitoring of HBV genotypic resis-
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Patient Age (yr) Sex Cirrhosis HBeAg Change of HBV DNA level after treatment (log copies/mL)  Mutant type
Pre-treatment Nadir Virological breakthrough
with hepatitis flare-ups
1 54 F + + 8.7 4.7 7.6 YIDD/YVDD
2 56 M + + 8.1 4.1 7.9 Mixed
8 59 M + = 6.6 <26 6.8 YIDD
4 60 M + + 7.9 <26 8.0 Mixed
5 65 M + + 6.5 <26 6.7 Mixed
6 49 M + + 7.9 3.9 7.0 YIDD
7 58 M - + 8.7 3.9 7.2 YVDD
8 51 M + 7.8 3.8 7.6 YIDD/YVDD
9 58 M - + 8.7 4.3 7.9 Mixed
10 61 M + = 6.0 <26 6.6 Mixed
11 51 F - + 7.2 <26 5.9 YIDD
12 62 F - + 7.7 <26 6.6 Mixed
13 44 M + + 6.7 <26 5.9 YVDD
14 56 M - i 8.7 5.0 7.0 YVDD
15 50 F - gy 7.6 5.6 6.2 YIDD
16 47 M + gy 7.9 3.9 6.4 YIDD
17 59 F + - 6.9 <26 6.1 YVDD
18 45 M - - 6.9 <26 6.1 Mixed
19 61 M - 6.7 <26 5.9 Mixed
20 56 M + - 6.6 <26 5.7 YVDD

HBV: Hepatitis B virus; HBeAg: Hepatitis B e antigen.

tance in patients with chronic hepatitis B using nucleoside
analogues allows clinicians to avoid virological break-
throughs followed by flare-ups of hepatitis. In this retro-
spective study, we found that the LightCycler probe hy-
bridization assay was useful for monitoring the emergence
of YMDD mutants. Furthermore, our results provide im-
portant data on the YMDD mutation of Japanese chronic
hepatitis B patients undergoing long-term lamivudine
treatment.

Continuous lamivudine treatment is associated with
an increased percentage of patients with YMDD mutants.
Lamivudine-genotypic resistance was reported in 24% of
patients after 1 year of treatment, 41% after 2 years, 53%
after 3 years and 70% after 4 years by PCR using a restric-
tion fragment-length polymorphism assay (PCR-RFLP) =,
Similarly, the present study showed an increased percent-
age of patients with YMDD mutants within 3 years of
treatment, although the percentage was higher than that
of the previous report, probably a reflection of different
sensitivities of the assay used for the detection of YMDD
mutants. Direct DNA sequencing, PCR-RFLP, and re-
verse hybridization line probe assay are common meth-
ods of detecting lamivudine-genotypic resistance”™. The
detection limits of these assays ate about 20%, 5%, and
down to 10% of the total viral pool, respectively[zﬂ. These
methods are labor-intensive, time-consuming, and have
the risk of contamination because they require s separate
set of endonuclease reactions for each of the mutants, or
a specific probe for each mutant. The LightCycler probe
hybridization assay can detect YMDD mutants within
1 h and the risk of carryover contamination is minimal
because PCR is performed in a closed glass capillary. The
detection limit of this assay is about 10%-20% of the to-
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tal virus pool, and minor subpopulations can be detected
(those constituting about 20% of the total population).
Our results may more accurately reflect the actual rates
of YMDD mutants than were found in previous reports.
Because of the quasi-species nature of HBV, YMDD mu-
tants have been detected in patients with chronic hepatitis
B who never received lamivudine treatment using a more
sensitive method than our method”*”. Unfortunately, the
present study could not determine if preexisting mutants
prevailed after the initiation of lamivudine treatment be-
cause this assay could not detect YMDD mutants before
treatment.

The present study showed that virological break-
through and flare-ups of hepatitis occurred after the
emergence of YMDD mutants, as reported previously™.
Therefore, monitoring ALT and HBV DNA levels after
the emergence of YMDD mutants is clinically important
for the management of patients treated with lamivudine.
It has been reported that a short latency to the emergence
of YMDD mutants, mixed type YMDD mutant (YIDD
+ YVDD type), and a low ALT level in patients with
YMDD mutants were associated with virological break-
through or flare-up of hepatitism. In the present study, 20
(35.4%) of 56 patients with YMDD mutants developed
flare-ups after virological breakthrough during the treat-

[17,31]
, our results

ment. As reported in previous studies
also showed that a flare-up of hepatitis was frequently
observed in patients with cirrhosis, or HBeAg positive
patients, which may be related to the more active liver
disease of HBeAg positive patients. However, our results
showed no virological breakthrough by about half of our
patients with YMDD mutants during long-term lamivu-

dine treatment. It is important to consider the prognosis
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of the patients who continued lamivudine treatment after
the emergence of YMDD mutants. It has been reported
that there was no benefit for patients who continued lami-
vudine treatment after the emergence of YMDD mutants
compared with patients who discontinued treatment,
based on a comparison of the rates of flare-ups of hepa-
titis, hepatic decompensation, and HBe seroconversion
over a 12-mo period™. Another report, however, showed
a benefit of long-term lamivudine treatment, for 8 years,
in Asian patients with YMDD mutants without advanced
disease, who had a lower risk of development of cirrhosis
and HCC, a greater reduction of HBV DNA level, and a
similar rate of flare-ups of hepatitis compared with un-
treated patients””. Our data from the present study sug-
gests that it is possible to continue lamivudine treatment
even after the emergence of YMDD mutants if clinicians
note the above risk factors associated with virological
breakthrough or flare-ups of hepatitis.

The present study showed that about half of patients
with YMDD mutants did not encounter virological
breakthrough during long-term lamivudine treatment.
It has previously been shown that YMDD mutants
(rtM204V or rtM204]) have preexisting polymorphisms
in HBV-infected patients because of the quasi-species
nature of HBV in infected individuals, and that these
mutants appeared randomly in viral populations, which
had a replication disadvantage to the YMDD wild-type in
the absence of lamivudine™. A previous study showed
that HBV mutants with mutations in the YMDD motif
in patients before treatment would not be selected by
lamivudine or induce breakthrough hepatitism. Fur-
thermore, the rtM204V mutant in domain C frequently
accompanies rtL.180M mutants in domain B*. In vitro
studies showed that rtM204I alone had lower replication
competency than rtl.180M/ rtM204V™, These data sug-
gest that the gain of replication capacity of YMDD mu-
tants during lamivudine treatment may be associated with
multiple factors, including intrinsic replicative advantages
potentially conferred by mutations accumulating outside
domain C, the fluctuating environment in which these
mutants replicate, and the host immune response.

In the present study, 5 (8%) of 61 patients had no
emergence of YMDD mutation during the treatment.
Hashimoto et al™” reported that factors associated with
YMDD mutants not appearing during 5-year lamivu-
dine therapy for patients with chronic HBV infection
are HBeAg negativity, lack of cirrhosis, and high y GTP
level. We were not able to confirm their results because
there were too few patients free of YMDD mutants to
draw a significant conclusion.

Adding adefovir dipivoxil, which is without cross-
resistance to lamivudine, is effective for achieving a viro-
logical and biochemical response in patients with lami-
vudine-resistance”". The American Association for the
study of Liver Disease guidelines on HBV recommend
the addiction of a second drug in the event of lamivudine
resistance” . It has been reported for patients with lami-
vudine resistance that the virological and biochemical re-
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sponse rates were similar between a group being switched
to adefovir monotherapy and a group for which adefovir
was added to lamivudine treatment, but adefovir resis-
tance more frequently occurred in the patients who had
combined adefovir and lamivudine treatment”*". There-
fore, the add-on treatment is thought to be superior to
switching treatment with regard to the prevention of sub-
sequent multi-drug resistance. The above data supported
our result of a biochemical and virological response by all
patients who had adefovir added to lamivudine treatment
after a flare-up of hepatitis.

In conclusion, no virological breakthrough was ob-
served in about half of the patients with YMDD mutants
during long-term lamivudine treatment. Patients who de-
veloped flare-ups of hepatitis were successful in achiev-
ing a virological and biochemical response by addition of
adefovir to lamivudine treatment. These data suggest that
it is possible to continue lamivudine treatment even after
emergence of YMDD mutants, at least until the patients
develop a flare-up of hepatitis.

COMMENTS

Background
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Abstract

AIM: To study the safety and feasibility of total embo-
lization of the main splenic artery as a supplemental
treatment modality for hypersplenism with thrombocy-
topenia or leukocytopenia accompanying liver cirrhosis.

METHODS: Fifteen consecutive patients with hyper-
splenism due to cirrhosis were enrolled in this study from
January 2006 to June 2010. All patients underwent total
embolization of the main splenic artery. Clinical symp-
toms, white blood cell (WBC) and platelet (PLT) counts,
splenic volume, and complications of the patients were
recorded. The patients were followed up for 1 and 6 mo,
and 1, 2, 3 years, respectively, after operation.

RESULTS: Total embolization of the main splenic artery
was technically successful in all patients. Minor com-
plications occurred in 13 patients after the procedure,
but no major complications were found. The WBC and
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PLT counts were significantly higher and the residual
splenic volume was significantly lower 1 and 6 mo, and
1, 2, 3 years after the procedure than before the proce-
dure (P < 0.01). Moreover, the residual splenic volume
increased very slowly with the time after embolization.
All patients were alive during the follow-up period.

CONCLUSION: Total embolization of the main splenic
artery is a safe and feasible procedure and may serve
as a supplemental treatment modality for hypersplen-
ism with thrombocytopenia or leukocytopenia accom-
panying liver cirrhosis.

© 2011 Baishideng. All rights reserved.

Key words: Liver cirrhosis; Hypersplenism; Coil emboli-
zation; Splenic artery
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INTRODUCTION

Partial splenic embolization (PSE) is a non-surgical pro-
cedute for hypersplenism resulting from hepatic disease
and can thus avoid the disadvantages of splenectomy!'.
It has been shown that PSE can increase peripheral
blood cell counts”™™. However, PSE often results in a
number of complications, including daily intermittent

fever, abdominal pain, nausea, vomiting, postemboliza-
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tion syndrome, splenic abscess and rupture, pneumonia,
refractory ascites, pleural effusion, and gastrointestinal
bleeding™®.

Total embolization of the splenic artery is a safe and
effective procedure for splenic artery aneurysms’ ",
Moreover, stainless steel spring coils are used to embolize
the main branch of splenic artery to increase the platelet
(PLT) count before splenectomy"”. To date, no report
is available on the treatment of hypersplenism with total
embolization of the main splenic artery. The present
study was to study the safety and feasibility of total em-
bolization of the main splenic artery for hypersplenism
with thrombocytopenia or leukocytopenia accompanying
liver cirrhosis.

MATERIALS AND METHODS

Patients

Fifteen consecutive patients (10 males and 5 females with
a mean age of 50.07 = 8.98 years, ranging 38-60 years)
with hypersplenism due to cirrhosis were enrolled in this
study from January 2006 to June 2010 and subsequently
underwent computed tomography (CT) follow-up at our
hospital. The causes of cirrhosis were hepatitis B virus
(HBV) infection in 13 patients and hepatitis C virus
(HCV) infection in 2 patients. The patients were diag-
nosed as hypersplenism based on their history, clinical
laboratory tests, ultrasonography and CT. The protocol
was approved by The Ethics Committee of Fudan Uni-
versity and the patients provided their written informed
consent.

The inclusion criteria were those with hypersplenism,
HBV/HCV-related active citrhosis, neutropenia (neutro-
phil count < 2.0 X 10’ cells /1), thrombocytopenia (PLT
count < 50 X 10’ cells/I) or both, and follow-up time >
2 years. Those with severe jaundice [serum total bilirubin
(IB) level = 81.4 umol/L] or spontancous bacterial peri-
tonitis were excluded from the study.

Hypersplenism was classified as Child-Pugh class A in
10 patients, class B in 3 patients, and class C in 2 patients.
The demographics of these patients are summarized in

Table 1.

Endovascular techniques

Metallic coils and gelfoam were used as embolization ma-
terials, cither alone or in combination. In general, the em-
bolization coils used in this series were standard 0.089-cm
(0.035-in.) fibered coils, microcoils (Tornado; Cook Inc.,
Bloomington, IN, USA).

Embolization was performed in all patients za the
femoral artery. Selective angiography of the celiac trunk,
splenic artery, and superior mesenteric artery was pet-
formed via the right femoral artery with a 5-Fr diagnostic
catheter (Cook). Patency of the collateral arteries con-
nected to the hilar splenic artery from the left gastric
artery or from the gastroepiploic artery on a celiac arte-
riogram was monitored to avoid total splenic infarction.
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Total embolization of the main splenic artery was pet-
formed after confirmation of these connections.

All embolization procedures were performed by 2
experienced interventional radiologists. Details of the
coiling procedures have been described previouslylg’“’m.
Selective splenic artery, celiac, and superior mesenteric ar-
tery angiograms were performed to confirm occlusion of
the main splenic artery and patency of the collateral ar-
teries after embolization. Preoperative antibiotic prophy-
laxis was used routinely for 3 d. Following embolization,
patients were monitored and antibiotics were continued
after the procedure for several days to avoid infectious
complications.

Follow-up protocol and postoperative outcome evaluation
All patients wete followed up at our outpatient clinic. Pe-
ripheral blood cell parameters, including white blood cell
(WBC), PLT, and red blood cell counts, were monitored
at different time points prior to the procedure and on
days 3, 14, and 30 after the procedure, then at 6-mo in-
tervals during the 3-year follow-up petiod. To determine
the effect of embolization on liver function, serum levels
of aspartate aminotransferase, alanine aminotransferase,
TB, and albumin were measured and prothrombin time
was calculated at the same follow-up time points as above
before and after the procedure. The procedure-related
frequency and type of complications were recorded.

Abdominal CT scans were routinely performed be-
fore and 2 wk after the procedure, and then every 6 mo
during the follow-up. Based on enhanced CT images, the
pretreatment splenic volume and the post-embolization
residual splenic volume were measured and compared on
a workstation (Siemens Syngo MMWP VEZIA) using the
volumetric analysis software. The infracted splenic vol-
ume (mL) was measured by subtracting the noninfarcted
splenic volume from the pretreatment splenic volume.
The splenic infarction rate was calculated by dividing the
infarcted splenic volume by the pretreatment splenic vol-
ume (X 100%).

The procedure-related complications were divided
into major and minor ones. Major complications associ-
ated with the procedure, including splenic abscess, splenic
rupture, pneumonia, refractory ascites or pleural effusion,
gastrointestinal bleeding, rupture of varices, and hepatic
failure, were defined as complicated disease requiring
surgical intervention or prolonged postoperative hospi-
tal stay time of more than 30 d. Minor complications,
including abdominal pain, fever, vomiting, abdominal
fullness, and appetite loss, were defined as those that lead
to no consequential events and can be tolerated by the
patients.

Statistical analysis

All data were expressed as mean + SD. Changes in WBC
and PLT counts after PSE were evaluated by paired 7 test.
The variables between the 2 groups were compared by
Mann-Whitney test, Xz—test or Fisher’s exact test when ap-
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Pa./age Virus Child- WBC count (x 109/L) Platelets (% 10°/ L) Splenic volumn (cm®) Compli- Follow- Out-
(or)/sex Pugh Pre- 1moémo 1yr 2yr 3yr Pre- 1moémo 1yr 2yr 3yr Pre- 1Tmo émo 1yr 2yr 3yr cagon (:‘l:)) comes
EM EM EM
1/48/F B A 13 78 65 53 49 51 35 181 142 136 132 128 829 367 265 265 312 312 AP,F,V 52 Alive
2/52/M B B 1.8 98 53 56 56 44 24 191 156 148 145 139 768 258 326 326 326 367 F,V 48 Alive
3/60/M B A 1.6 86 65 63 42 64 33 233 185 157 132 142 869 369 328 328 328 305 AP,F 47 Alive
4/51/M B A 1.8 83 54 72 62 46 45 173 158 156 148 132 815 289 289 287 250 285 F,V 45 Alive
5/34/F B A 11 78 72 68 52 45 48 165 161 152 153 148 724 366 242 235 235 235 AP,V 41 Alive
6/49/M B C 14 86 48 46 44 48 43 144 43 139 132 123 698 278 278 278 278 278 AP,V 40 Alive
7/50/F B A 15 85 58 48 46 42 25 156 145 146 134 129 758 325 325 312 314 314 37 Alive
8/59/M C B 11 78 63 67 73 48 36 143 145 132 128 132 846 319 319 310 310 310 AP,F,V 36 Alive
9/28/M B A 15 96 6.0 51 52 53 48 213 167 164 156 147 687 247 247 247 249 276 AP,F, 36 Alive
10/55/M B A 08 73 69 56 54 45 32 121 125 131 128 124 784 305 305 298 320 320 AP,EF,V 42 Alive
11/58/F B C 17 68 85 68 39 42 26 163 184 146 139 132 755 362 362 362 362 345 AP,F 38 Alive
12/46/M B A 09 53 48 38 45 48 146 135 141 136 732 247 285 285 285 AP,F,V 28 Alive
13/58/F C A 12 82 38 48 50 32 153 138 146 134 848 328 328 318 315 AP, F 30 Alive
14/55/M B B 14 83 52 45 44 35 164 176 163 165 683 361 356 346 327 26 Alive
15/48/M B A 16 88 63 62 64 38 241 220 168 137 752 298 305 315 315 AP, F 24 Alive

Pre-EM: Pre-embolization; AP: Abdominal pain; F: Fever; V: Vomiting; WBC: White blood cell.

propriate. All statistical analyses were performed using the
SPSS package, version 13.0 (SPSS, Chicago, Illinois, USA).

RESULTS

Primary procedure results

Total embolization of the main splenic artery was techni-
cally successful in all patients, with no procedure-related
complications. The mean postoperative hospital stay time
was 8.40 & 2.53 d (range, 5-15 d) after the procedure and
the 30 d mortality rate was zero.

Minor complications occurred in 13 patients with
no major complications found after the procedure. The
most frequent side effects were abdominal pain, fever,
and nausea. Prolonged fever, lasting over 15 d after the
procedure, developed in 1 case. These side effects were
controlled after conservative therapy.

Changes in peripheral blood cell counts after
embolization

The outcomes of total embolization of the main splenic
artery in 15 patients are shown in Table 1. All patients
were assessed 1 and 6 mo, and 1, 2, 3 years after the pro-
cedure. The patients were followed up for 38.0 £ 8.32
mo (range, 24-52 mo). The mean WBC count increased
from 1.4 (0.3) X 10°/L before the procedure to 8.1 (1.1)
X 10°/L, 6.0 (1.2) x 10°/1, 5.6 (1.0) x 10°/L, 5.1 (0.9)
x 10°/L, and 4.8 (0.9) x 10”/1,, respectively, 1 and 6 mo,
and 1, 2, 3 years after the procedure (P < 0.01).

The mean PLT count increased from 36.5 (8.3) X
10°/L before the procedure to 172 (34.1) x 10”/1, 152
(38.7) x 10°/L, 148 (11.6) x 10°/L, 140 (11.1) X 10’/L,
and 134 (8.6) x 10°/L, respectively, 1 and 6 mo, and 1, 2,
3 years after the procedure (P < 0.01).

Changes in splenic volume after embolization
The mean splenic volume decreased from 769.87 (60.51) cm’
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before the procedure to 314.60 (44.52) cm’, 304.0
(36.10) cm’, 300.80 (35.20) cm”, 301.73 (35.17) cm’, and
306.00 (32.02) cm’, respectively, 1 and 6 mo, and 1, 2,
3 years after the procedure (P < 0.05). During the follow-
up, the residual splenic volume in these patients increased
a very slowly. The mean infarction rate of the spleen was
60% (range, 59%-61%) 3 years after the procedure. No
death occurred during the follow-up.

DISCUSSION

The results of his study show that total embolization of
the main splenic artery with coils is a safe and feasible
procedure for hypersplenism due to liver cirrhosis. The
peripheral blood cell parameters including WBC and PLT
counts increased significantly during the follow-up and
the residual splenic volume increased very slowly after
embolization.

Hypersplenism is a well-known complication of
portal hypertension due to cirrhosis, which can result in
thrombocytopenia and/or leukocytopenia. Splenectomy
can eliminate hypersplenism-induced blood cell destruc-
tion, but the incidence of severe complications after
splenectomy is 9.6%-26.6% whether laparoscopy or open
splenectomy is performed"*'”. In addition, splenectomy
1s often associated with an increased long-term risk of
septic events! '

Although PSE is an effective alternative to splenecto-
my to increase the peripheral blood cell counts™, severe
complications of PSE, such as splenic abscess, splenic
rupture, pneumonia, refractory ascites or pleural effu-
sion, and gastrointestinal bleeding[éfg], greatly limit its use.
Furthermore, the complications of PSE are correlated
with the infracted splenic volume. In addition, when 50%
of less than 50% of the spleen is embolized, hypersplen-
ism would relapse shortly after PSE™¥. Therefore, to
ensure a sustained increase in PLT and leukocyte counts,
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the splenic infarction rate should be greater than 50%",
which, however, inevitably results in severe complications.
To increase the PLT and leukocyte counts and reduce the
rate of severe complications, total embolization of the
main splenic artery was performed for hypersplenism due
to liver cirrhosis in the present study.

The key procedure for reducing the severe compli-
cations and ensuring the sustained increase in PLT and
leukocyte counts is to confirm the patency of collateral
arteries connected to the hilar splenic artery from the left
gastric artery or from the gastroepiploic artery. If these
connections are absent or incomplete, total embolization
of the main splenic artery should not be performed be-
cause the procedure may result in more severe complica-
tions.

When the main splenic artery is completely emboli-
zed, the main blood flow supplying the spleen is stopped,
but the collateral arteries connected to the hilar splenic
artery from the left gastric artery or from the gastroepi-
ploic artery may provide a small amount of blood for the
spleen to avoid complete infarction of the spleen. Thus,
most of the spleen should be embolized with reservation
of a partial normal spleen. Thus, the PLT and leukocyte
counts increase after the procedure, and the occurrence
of severe complications can be circumvented. In this
study, the safety and feasibility of total embolization for
hypersplenism of the main splenic artery were studied.

As compared with PSE, total embolization of the
main splenic artery has the following advantages, includ-
ing a low risk of procedure-related complications, persis-
tent maintenance of normal WBC and PLT counts, and a
very slow increase in residual splenic volume.

Although these results are encouraging, this study had
the following limitations. First, it was not a comparative
study and the number of patients was small with no con-
trol group. Future randomized multicenter trials compar-
ing PSE with total embolization are needed to determine
their long-term clinical efficacy and risk of complications.
Second, total embolization could not be performed in
patients with no or incomplete collateral arteries.

In conclusion, total embolization of the main splenic
artery is a safe and feasible procedure for hypersplenism
with thrombocytopenia or leukocytopenia accompany-
ing liver cirrhosis and may serve as a supplemental treat-
ment modality for it. Further clinical trials and expanded
follow-up studies are needed to confirm its safety.

COMMENTS

Background

Partial splenic embolization (PSE) is a non-surgical procedure for hypersplen-
ism resulting from hepatic disease, thus avoiding the disadvantages of splenec-
tomy. However, after PSE, patients often experience complications, including
daily intermittent fever, abdominal pain, nausea, vomiting, and postembolization
syndrome.

Research frontiers

Total embolization of the splenic artery has been widely used in treatment of
splenic artery aneurysms, but no report is available on treatment of hypersplen-
ism with it. In this study, total embolization of the main splenic artery for hyper-
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splenism with thrombocytopenia or leukocytopenia accompanying liver cirrhosis
was studied.

Innovations and breakthroughs

Total embolization of the main splenic artery was devised for the treatment of
hypersplenism with thrombocytopenia or leukocytopenia accompanying liver
cirrhosis. All procedures were performed under fluoroscopic control. This is the
first study reporting the treatment of hypersplenism with total embolization of
the main splenic artery.

Applications

Total embolization of the main splenic artery is a safe and feasible procedure
and may serve as a supplemental treatment modality for hypersplenism with
thrombocytopenia or leukocytopenia accompanying liver cirrhosis with a low
complication rate and a good mid-term clinical efficacy.

Terminology

Hypersplenism is a well-known complication of portal hypertension due to cir-
rhosis, which can result in thrombocytopenia and leukocytopenia.

Peer review
The finding in this study is interesting. Further study is needed confirm its safety
in a much larger series of patients.
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Abstract

AIM: To evaluate bacterial cytosine deaminase (bCD)
mutant D314A and 5-fluorocytosine (5-FC) for treat-
ment of colon cancer in a mouse model.

METHODS: Recombinant lentivirus vectors that con-
tained wild-type bCD gene (bCDwt), and bCD mutant
D314A gene (bCD-D314A) with green fluorescence
protein gene were constructed and used to infect hu-
man colon carcinoma LoVo cells, to generate stable
transfected cells, LoVo/null, LoVo/bCDwt or LoVo/bCD-
D314A. These were injected subcutaneously into Balb/c
nude mice to establish xenograft models. Two weeks
post-LoVo cell inoculation, PBS or 5-FC (500 mg/kg) was
administered by intraperitoneal (i.p.) injection once daily
for 14 d. On the day after LoVo cell injection, mice were
monitored daily for tumor volume and survival.

RESULTS: Sequence analyses confirmed the construc-
tion of recombinant lentiviral plasmids that contained
bCDwt or bCD-D314A. The lentiviral vector had high ef-

(4 9

Boishidengs  WIG | www.wjgnet.com

ficacy for gene delivery, and RT-PCR showed that bCDwt
or bCD-D314A gene was transferred to LoVo cells.
Among these treatment groups, gene delivery or 5-FC
administration alone had no effect on tumor growth.
However, bCDwt/5-FC or bCD-D314A/5-FC treatment
inhibited tumor growth and prolonged survival of mice
significantly (P < 0.05). Importantly, the tumor volume
in the bCD-D314A/5-FC-treated group was lower than
that in the bCDwt/5-FC group (P < 0.05), and bCD-
D314A plus 5-FC significantly prolonged survival of mice
in comparison with bCDwt plus 5-FC (P < 0.05).

CONCLUSION: The bCD mutant D314A enhanced sig-
nificantly antitumor activity in human colon cancer xe-
nograft models, which provides a promising approach
for human colon carcinoma therapy.

© 2011 Baishideng. All rights reserved.
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INTRODUCTION

Colorectal cancer has one of the highest mortalities world-
wide". Conventional therapies consist of surgery, chemo-
therapy, radiotherapy, and biotherapy. Despite advances
in the treatment of colorectal cancer, the prognosis for

locally advanced or metastatic disease remains relatively
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poorm. Therefore, it is crucial to develop novel therapeutic
strategies, not only to completely cure cancer, but also to
prevent its recurrence. Among these approaches, gene-
directed enzyme-prodrug therapy (GDEPT) has received
considerable attention”,

Suicide gene therapy for cancer is an appealing alterna-
tive to standard methods of chemotherapy because most
chemotherapeutic agents lack tumor specificity. Classic
chemotherapeutic agents are often unable to distinguish
tumor cells from normal dividing cells, which results in in-
discriminate toxic effects. In contrast, suicide gene therapy
allows for specific targeting of the tumor while preventing
damage to normal cells. This is accomplished by introduc-
ing a gene that encodes a prodrug-activating enzyme into
cancer cells. Although delivery systems have not been fully
optimized, delivery of the gene is typically done using
either a viral vector (retrovirus or adenovirus) or by other
non-viral means””. Once the gene is delivered into the
cancer cell, a non-toxic prodrug is administered. The en-
zyme converts the non-toxic prodrug into its active and le-
thal form that results in cancer cell death. Escherichia coli or
bacterial cytosine deaminase (bCD) is responsible for the
activation of the non-toxic prodrug 5-fluorocytosine (5-FC)
to its toxic form, 5-fluorouracil (5—FU)[8]. The absence of
an endogenous cytosine deaminase in mammalian cells
provides for deamination of 5-FC only in cells that express
bCD. This is followed by the conversion of 5-FU into its
deoxyribonucleoside, fluorodeoxyuridine (FUdR) by thy-
midine phosphorylase. Upon phosphorylation of FUdR
by endogenous thymidine kinase, thymidylate synthase is
irreversibly inhibited by the product, 5SFAUMP, thereby
preventing dTTP formation and ultimately leading to inhi-
bition of DNA synthesis.

One of the key advantages of the bCD/5-FC enzyme/
prodrug system is the phenomenon known as the “bystander
effect”, which is defined as the killing of untransfected cells
neighboring those cells transfected with the suicide gene[s].
This type of killing has been described extensively with
regard to the herpes simplex virus-1 thymidine kinase and
ganciclovir enzyme/prodrug system, and occurs primat-
ily by the transfer of toxic antimetabolites through gap
junctions[g’m]. Unlike phosphorylated ganciclovir, 5-FU is a
small, uncharged molecule that can pass freely in and out
of the cell by diffusion. Consequently, cell-cell contact is
not requited for the bystander effect with bCD/5-FC; an
advantage for those cell types with limited gap junctionsm.
bCD has been used successfully in gene therapy for a vari-
ety of animal tumor models and is currently under investi-
gation for the treatment of human cancers' 7.

The limiting factors for successful suicide GDEPT
are transfection efficiency and the ability of the enzyme
to turn over the prodrug, which is an analog of its natural
substrate. From a kinetic perspective, 5-FC is a poor sub-
strate for bCD (Km = 3.3 mmol/L) compared with its na-
tive substrate, cytosine (Km = 0.2 mmol/I)"". Thus, high
doses of this prodrug must be administered to achieve cell
killing. The plasma levels of 5-FC required to obtain a sig-
nificant amount of active metabolites may lead to adverse
effects. This is observed with 5-FC, whereas deamination
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by CD of bacterial intestinal microflora into 5-FU is re-
sponsible for side effects'”. Other studies have suggested
that the CD from Saccharomyces cerevisiae (yCD) displays a
kinetic advantage towards 5-FC over bCD"Y. However,
yCD is considerably less thermostable than bCD; a char-
acteristic that may make the bacterial enzyme a preferable
catalytic system for gene therapy.

Fortunately, Mahan ¢ a/'*"” have used random muta-
genesis to create novel bCDs that demonstrate an increased
preference for 5-FC over cytosine. Among these mutants
isolated, the mutant D314A [substitution of an alanine
(A) for the aspartic acid (D) at position 314 of bCD] en-
zyme demonstrates a dramatic decrease in cytosine activity
(17-fold), as well as a slight increase in activity toward 5-FC
(twofold), which indicates that mutant D314A prefers the
prodrug over cytosine by almost 20-fold. Despite the ther-
molability of yCD, others have suggested that yCD is supe-
tior to bCD in gene therapy settings because of a 23-fold
relative substrate preference for 5-FC that is displayed by
yCD"". However, given the thermostability of bCD and the
19-fold relative substrate preference that the bCD mutant
D314A displays towards 5-FC, bCD D314A may be a su-
perior suicide gene to yCD. These results indicate that bCD
mutant D314A is a superior candidate for suicide gene ther-
apy. Recently, this mutant D314A has been demonstrated to
enhance cytotoxicity of human glioma and pancreatic can-
cer cells, and to increase therapeutic efficacy against human
glioma and human pancreatic tumor xenografts, especially
combined with radiotherapy”**!!. However, there have been
only a few studies of bCD mutants in colorectal cancer.

Previously, we have used the bCD gene to treat colon
cancer, and have found that the efficacy of wild-type bCD
is not sufficient to abolish cancer cells iz vitro or in vivo,
therefore, combination therapy with other genes, such
as interleukin-2 or interferon-y, is needed to improve the
cytotoxicity of bCD"*. Recently, we have constructed
bCD-D314A using site-directed mutagenesism], and have
demonstrated that it has significantly increased cytotoxic-
ity in human colon cancer cell line LoVo, compared with
wild-type bCD (bCDwt) i vitro™.

The aim of the present study was to investigate whether
bCD-D314A suicide gene and 5-FC prodrug therapy pro-
duce increased therapeutic efficacy iz vivo for human colon
cancer in nude mice using lentiviral vectors. The results
presented here indicated that mutant bCD-D314A was able
to significantly enhance antitumor efficacy in human colon
cancer xenograft models 7 vivo compared with bCDwt.

MATERIALS AND METHODS

Cells and cell culture

Human colon cancer cell line LoVo (CCL-229; ATCC,
Manassas, VA, USA) was cultured in RPMI-1640 me-
dium (Gibco, Invitrogen, Carlsbad, CA, USA) supple-
mented with 10% fetal bovine serum (FBS; Gibco).
HEK 293T (human embryonic kidney 293T cell line
containing SV40 large T antigen) (CRL-11268; ATCC)
was cultured in Dulbecco’s Modified Eagle’s Medium
(Gibco) supplemented with 10% cosmic calf serum (Hy-
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clone, Logan, UT, USA), 2 mmol/L L-glutamine (Sigma,
St. Louis, MO, USA), 100 U/mL penicillin (Sigma) and
0.1 mg/mL streptomycin (Sigma). LoVo and HEK 293T
cells were in a 5% CO»-humidified atmosphere at 37°C.

Reagents, animals, plasmids and vectors

5-FC was obtained from Sigma. Restriction enzymes Hind
I, Kpn 1, Nhel, EcoR1 and Dpn 1, T4 DNA ligase,
pfu DNA polymerase, DNA marker DL2000 and PCR
reagents were obtained from Takara (Otsu, Shiga, Japan).
Primers were chemically synthesized by Shanghai Generay
Co. Ltd. (Shanghai, China). The plasmid DNA extraction
(Mini) kit was provided by Qiagen (Crawley, West Sussex,
UK). TRIzol and Lipofectamine 2000™ transfection re-
agent were obtained from Invitrogen.

Female athymic Balb/c (nu/nu) nude mice were pur-
chased from Shanghai SLAC Laboratory Animal Co. Ltd.
(Shanghai, China) and were housed under aseptic condi-
tions in micro-isolator cages, which were approved by the
local Institutional Animal Care and Use Committee.

The plasmid pcDNA3.1/bCDwt that contained whole-
length wild-type bCD gene, and pcDNA3.1/bCD-D314A
that contained the mutant D3744 gene, were prepared
and stored in our department. The pLJM1-GFP lentivirus
vector with green fluorescence protein (GFP) gene was a
generous gift from Prof. | Li (Nanjing Medical University).

Recombinant bCDwt or bCD-D314A plasmids
construction and identification

The pcDNA3.1-bCDwt and pcDNA3.1-bCD-D314A
plasmids were all double digested with HizdIll and Kpn 1 .
The products of enzyme digestion were connected to the
lentiviral vector pLJM1-GFP, which was double digested
with Nhe I and EwR 1, to produce pLJM1-bCDwt-GFP
and pLJM1-bCD-D314A-GFP. These plasmids were then
transformed into E. /i XI.1-Blue. The colonies were se-
lected for PCR identification. The sense sequence of bCD
primers was 5'-CGCAAATGGGCGGTAGGCGTG-3',
whereas the antisense sequence was 5'AATTCTCAAC-
GTTTGTAATCGATGG-3'". These tecombinant plasmids
were extracted and sent to BGI Sequencing Company

(Shanghai, China) for sequencing;

Recombinant lentivirus construction, cell infection and
stable cell line generation

To produce recombinant lentiviruses that encoded bCD-
wt, bCD-D314A or GFP gene, three types of plasmids
(pLJM1-bCDwt-GFP, pLJM1-bCD-D314A-GFP and
pLJM1-GFP) were transfected to 293T cells according to
the instructions for Lipofectamine 2000™ (Invitrogen).
The virus-containing supernatant was collected 48 h after
transfection, concentrated by centrifugation (4000 t/mim,
4°C for 5 min), and filtered with a 0.45-um membrane fil-
ter. The virus titers were determined in 293T cells.

For LoVo cell infection, there were three groups:
bCDwt-GFP, bCD-D314A-GFP, and GFP (null). LoVo
cells were seeded at a density of 1 X 10° cells in a 60-mm
plate and infected with different lentiviral vectors in the
presence of 10 ug/mL polybrene (Millipore, Billerica,
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MA, USA). At 10-12 h post-infection, the growth medium
was replaced. Forty-eight hours later, the GFP expression
of transduced cells was observed under fluorescence mi-
croscopy. LoVo cells were infected twice in the same way.
At 3 d after transfection, the FACSCalibur flow cytometer
(BD, Franklin Lakes, NJ, USA) was used for fluorescence-
activated cell sorting and then stable transfected cells,
LoVo/null, LoVo/bCDwt and LoVo/bCD-D314A were
cultured in a 5% CO2-humidified incubator at 37°C.

Detection of bCD gene in transfected LoVo cells with RT-
PCR

Total RNA was extracted from transfected LoVo cells
harvested from the different groups with TRIzol reagent.
First-strand cDNA was synthesized by reverse transcrip-
tion according to the instructions for M2MLV (Promega,
Madison, WI, USA). The sense sequence of bCD primers
used in RT-PCR was 5'TTATGTCGAATAACGCTT-
TACAAAC-3', whereas the antisense sequence was
5TACCTCCACGTTTGTAATCGATGGC-3'. PCR was
performed for 35 cycles (94°C for 1 min, 60°C for 1.5 min,
72°C for 1.5 min) in an automated DNA Thermal Cycler
(Perkin-Elmer Cetus, Norwalk, CT, USA).

Xenograft tumor model study

To compare antitumor effects of bCDwt- and bCD-
D314A-mediated molecular chemotherapy # vivo, combina-
tion of 5-FC, pools of LoVo, LoVo/null, LoVo/bCDwt or
LoVo/bCD-D314A cells [5 % 10° cells in 100 L. PBS (pH
7.3)] were injected subcutaneously (s.c.) into the right flanks
of 5-6-wk-old female Balb/c nude mice (» = 20, respec-
tively). Two weeks post-LoVo cell inoculation, PBS or 5-FC
(500 mg/kg) was administered by i.p. injection once daily
for 14 d. Starting at day 1, the tumor volume was moni-
tored daily using caliper measurement, calculated using the
formula: 71/6 X (width X length?). On the day after LoVo

cell injection, mice were monitored daily for survival.

Statistical analysis

The treatment groups were compared with respect to
tumor size. To test for significant differences in tumor
volume among treatment groups, one-way ANOVA was
conducted. When ANOVA indicated that a significant
difference existed (P < 0.05), multiple comparison pro-
cedures were used to determine where the differences
lay. Kaplan-Meier survival curves were analyzed by the
log-rank test, and specific pairwise multiple comparisons
were made using the Holm-Sidak method. All compari-
sons were made using the 0.05 level of significance.

RESULTS

Identification of recombinant lentiviral plasmids
Sequencing results of recombinant lentiviral plasmids
showed that pLJM1-bCDwt-GFP contained the wild-
type bCD gene, and pLJM1-bCD-D314A-GFP con-
tained the mutant D314A (Figure 1), which indicated that
the two recombinant lentiviral plasmids were constructed
successfully.
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bCDwt

bCD-D314A

Figure 1 Sequencing results of recombinant plasmid pLJM1-bCDwt and
pLJM1-bCD-D314A. The codon 985 of bCDwt, A, was mutated to C in bCD-
D314A, which was the mutant D314A of bCD.

Figure 2 LoVo cell with fluorescence after transfection with lentiviral
vector containing bCDwt-GFP gene (x 100). A: Green fluorescence field; B:
Visible light field.

Efficacy of gene delivery by lentiviral vectors

Lentiviral vectors have improved efficiency to deliver
genes. In this study, GFP was used as a reporter gene.
Figure 2 shows that the efficacy of gene delivery by len-
tiviral vectors was satisfactory.

Identification of bCD gene in LoVo cells transfected with
lentiviral vectors

LoVo cells transfected with different lentiviral vectors,
LoVo/null, LoVo/bCDwt and LoVo/bCD-D314A, were
subjected to RT-PCR to identify bCD gene expression. As
shown in Figure 3, LoVo/bCDwt and LoVo/bCD-D314A
cells had bCD gene expression, while bCD gene was not
detected in LoVo/null cells.
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2kb ——

1.38kb ——

Figure 3 Identification of bCD gene in LoVo cells transfected with differ-
ent lentiviral vectors. M: Marker; 1: Positive control (pcDNA3.1/bCDwt); 2:
LoVo/bCDwt; 3: LoVo bCD-D314A; 4: LoVo/null; 5: Negative control (LoVo).

Antitumor effects of bCDwt and hCD-D314A in
combination with 5-FC in human colon carcinoma
xenograft model

To evaluate the potential of bCD-D314A gene therapy
with 5-FC 7 vivo, LoVo cells with different stably gene de-
livery were injected s.c. into the right flank of athymic nude
mice. Two weeks after cell inoculation, before treatment,
the tumors in each group were palpable and the mean vol-
umes in each group did not differ significantly among the
treatment groups (P > 0.05), and within treatment variances
(PBS »s 5-FC) were not significantly different (P > 0.05).
The baseline mean tumor volume at 14 d after tumor cell
injection was 412.63 £ 36.79 mm’.

PBS or 5-FC (500 mg/kg) was administered i.p. once
daily for 2 wk. Starting at day 1, mice were monitored for
tumor volume and survival. Inhibition of tumor growth
was initially noted in mice treated with LoVo/bCDwt or
LoVo/bCD-D314A in combination with 5-FC compared
with the other groups on day 20 (P < 0.05) (Figure 4).
There were no significant differences in tumor growth
between the other groups (P > 0.05), which indicated that
gene delivery or 5-FC administration alone had no influ-
ence on tumor growth. From day 20 onwards, tumors
in the mice treated with LoVo/bCD-D314A and 5-FC
shrunk daily, whereas the tumors in mice treated with
LoVo/bCDwt and 5-FC incteased gradually. The differ-
ence in tumor volume between these two groups became
increasingly matked (P < 0.05). At the same time, the tu-
mors in the other groups kept growing (Figure 4).

As to the influence of bCD-D314A and bCDwt on
survival, we showed that bCD-D314A/5-FC or bCDwt/
5-FC treatment significantly prolonged survival of mice
in comparison with the other groups. As shown in Figure
5, the median survival time of other groups was about
35 d and there was no difference among them (P > 0.05),
whereas it was prolonged to 62 or 94 d in the bCDwt/5-
FC or bCD-D314A/5-FC group, respectively (P < 0.05).
Furthermore, bCD-D314A plus 5-FC significantly pro-
longed survival of mice in comparison with bCDwt plus
5-FC (P < 0.05).

DISCUSSION

Worldwide, more than one million individuals will develop
colorectal cancer annually, and the disease-specific mortal-
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Figure 4 Growth of LoVo, LoVo/null, LoVo/bCDwt, and LoVo/bCD-D314A
xenografts treated with PBS or 5-fluorocytosine. Treatment was started on
14 d after tumor cell inoculation. PBS or 5-fluorocytosine (5-FC) (500 mg/kg)
was injected intraperitoneal once a day for 14 d. Data points represent the
mean tumor volume of each group of animals. bCD: Bacterial cytosine deami-
nase; bCDwt: Wild-type bCD; bCD-D314A: bCD mutant D314A; LoVo/null:
LoVo cell transfected with pLJM1-GFP; LoVo/bCDwt: LoVo cell transfected with
pLJM1-bCDwt-GFP; LoVo/bCD-D314A: LoVo cell transfected with pLJM1-bCD-
D314A-GFP.

ity rate is nearly 33% in the developed world". Substantial
progress has been made in understanding the molecular
pathogenesis, diagnosis (hereditary and sporadic), and treat-
ment of colorectal cancer during recent decades. Despite
the use of 5-FU-based combination chemotherapy and
active targeted drugs for treatment of metastatic colorectal
cancer in the past decade, and improvement in overall sut-
vival for non-resectable disease, cure rates remain low'”
There is a need for the development of new alternative
therapeutic strategies. Gene therapy is a novel approach
that might lead to improved treatments for colorectal can-
cet. Among these apptroaches, GDEPT using the bCD/5-
FC system has been developed. The gene that encodes the
CD that converts the prodrug 5-FC to 5-FU is delivered to
the target tumor cells, which results in their death.

The most important characteristic of suicide gene ther-
apy is its bystander effect. Although the viral or non-viral
gene delivery systems currently available have poor efficacy
for n vivo gene transfer, complete eradication of tumors
has been seen in some experimental animal models, which
is thought to depend on the bystander killing effect. In the
bCD/5-FC system, the bystander effect is caused by the
passive diffusion of 5-FU into the extracellular milieu and
its diffusion into the adjacent cells, which requites no gap
junctions'". The immune-related response also contrib-
utes to the bystander effect™, which has been confirmed
by our experimental results from the immunocompetent
and immunodeficient mice™. Although this approach has
been in development for several decades, new combina-
tions with cancer therapies, such as selective conventional
chemotherapy™ and radiotherapy™, are being tested.

Unlike conventional chemotherapy, suicide gene therapy
renders specific killing of the tumor cells that express the
suicide gene, but it may lead to systemic toxicity if these
genes are delivered to normal cells. Thus, target specificity is
of great importance to suicide gene therapy. The rationale
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Figure 5 Efficacy of wild-type bCD gene or bCD mutant D314A gene sui-
cide gene therapy in human colon carcinoma xenografts. LoVo human co-
lon carcinoma cells with different gene transfection (5 x 10° cells/mouse) were
injected into the right flank of athymic nude mice (10 mice/group). Two weeks
after tumor cell injection, PBS or 5-fluorocytosine (5-FC) (500 mg/kg) was in-
jected intraperitoneal once a day for 14 d. On the day after LoVo cell injection,
mice were monitored daily for survival. bCD: Bacterial cytosine deaminase;
bCDwt: wild-type bCD; bCD-D314A: bCD mutant D314A; LoVo/null: LoVo cell
transfected with pLIM1-GFP; LoVo/bCDwt: LoVo cell transfected with pLJM1-
bCDwt-GFP; LoVo/bCD-D314A: LoVo cell transfected with pLIM1-bCD-D314A-
GFP.

behind suicide gene therapy is that, after targeted transfer
of these genes into tumor cells, only tumor and neighbor-
ing cells will be rendered sensitive to their cytotoxic action.
Specifically, targeted expression of the prodrug-activating
enzyme avoids systemic toxicity, and results in high drug
concentrations in the tumor mass and an improved thera-
peutic index compared with non-targeted gene delivery. To
kill carcinoembryonic antigen (CEA)-positive colorectal
carcinoma cells specifically using the bCD/5-FC system, we
have constructed a new replication-deficient recombinant
adenoviral vector that contains the bCD gene controlled by
the CEA promoter, AACEACD, and have evaluated its
vitro cytotoxic effects. We have shown that this vector can
transfer bCD to CEA-positive tumor cells specifically by
comparing the vector with cytomegalovirus (CMV) pro-
moter, AACMVCD". However, the cytotoxic effects of
bCD/5-FC decreased to some extent™, Although this
loss of activity may be due to differences in transcriptional
activation between the CEA and CMV promoters, the low
affinity displayed by wild-type bCD towards 5-FC in com-
patison with cytosine is thought to be the principal factor
that leads to the relatively poor turnover of 5-FC of wild-
type bCD and limits the overall therapeutic response.

It has been shown previously that the bCD mutant,
D314A, decreased efficiency for endogenous cytosine,
which can compete with the prodrug for the active enzyme
site, in combination with increased efficiency for 5-FC that
resulted in a 19-fold relative substrate preference for 5-FC
in comparison with bCDwt"*"”. The bCD mutant D314A

has been demonstrated to be an excellent candidate for

June 28, 2011 | Volume 17 | Issue 24 |



subsequent preclinical comparisons with wild-type bCD
and yCD.

Recently, we have constructed the bCD mutant D314A
using site-directed mutagenesis. The 7 vitro results have in-
dicated that its killing and bystander effects on human colon
cancer LoVo cells are enhanced significantly as compared
with wild-type BCD. Thus, the rationale for using the mu-
tant bCD gene for colon carcinoma 7 vivo is that the bCD
mutant D314A can more effectively convert 5-FC to 5-FU,
and increase the antitumor activity and prolong survival.

In the present study, we investigated mutant bCD
gene transfer with lentiviral vector for treatment of
human colon cancer in xenograft models. Lentivirus-
based vectors (lentivectors) have been developed with
improved efficiency, specificity, and safety, and are being
increasingly used in basic and applied research. Clinical
trials of human gene therapy are currently underway us-
ing lentivectors in a wide range of human diseases”™. In
the present study, lentiviral vector was used to transfer
suicide genes. These preliminary results confirmed the
efficacy of lentiviral vector for suicide gene delivery.

After the LoVo cells stably transfected with bCDwt
gene or mutant bCD-D314A gene were established, they
were inoculated into athymic nude mice to produce xeno-
graft tumor models. Afterwards, 5-FC was administered. As
expected, a more potent cytotoxicity effect for colon cancer
was obtained using bCD-D314A/5-FC treatment in com-
parison with bCDwt/5-FC. During 5-FC administration,
the tumors treated with bCDwt/5-FC or bCD-D314A/5-
FC grew slower than those in other treatment groups,
which indicated that 5-FC or suicide gene transfer alone
had no effect on colon cancer. The comparative study
of bCD-D314A/5-FC and bCDwt/5-FC showed an in-
creased antitumor effect, and decreased tumor growth was
obsetved following bCD-D314A/5-FC gene therapy. Fur-
thermore, survival analysis showed that bCD-D314A/5-FC
therapy prolonged life significantly, which confirmed the
enhanced antitumor activity of bCD mutant D314A.

Although the intratumoral or blood 5-FU concentra-
tion was not estimated after 5-FC administration in this
study, the enhanced antitumor effect of bCD mutant
D314A in combination with 5-FC was thought to be due
to its ability to convert 5-FC to 5-FU more effectively,
which is consistent with recently published data in other
tumor models™". The blood and tumor levels of 5-FC
and 5-FU are a subject for future studies that will enable a
rational dosing strategy.

In summary, our studies provide preliminary evidence
that treatment using bCD mutant D314A for suicide
gene/5-FC prodrug therapy is a promising approach for
treatment of human colon carcinoma. Further studies on
delivery systems, doses and protocols would be worthwhile
to optimize this approach.
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COMMENTS

Background

Suicide gene therapy is an appealing alternative to conventional therapies for
colorectal cancer. Bacterial cytosine deaminase (bCD) can convert the non-toxic
prodrug 5-fluorocytosine (5-FC) to its toxic form, 5-fluorouracil (5-FU). However,
5-FC is a poor substrate for bCD compared with its native substrate, cytosine, and
its antitumor effect is limited.

Research frontiers

The bCD mutant, D314A, has been shown to prefer 5-FC over cytosine by nearly
20-fold, and has been demonstrated to enhance therapeutic efficacy against
human glioma and human pancreatic tumors. However, there have been only a
few studies of bCD mutants in colorectal cancer.

Innovations and breakthroughs

Recently, the authors have constructed the bCD mutant, D314A, using site-
directed mutagenesis, and have demonstrated that D314A has significantly
increased cytotoxicity on human colon cancer cell line LoVo compared with wild-
type bCD (bCDwt). The present study indicated that mutant D314A was able to
significantly enhance antitumor efficacy in human colon cancer xenograft models
compared with bCDwt.

Applications

Collectively, these studies provide preliminary evidence that treatment using
bCD mutant D314A for suicide gene/5-FC prodrug therapy provides a promising
approach for human colon carcinoma.

Terminology

Suicide gene therapy is a form of gene-directed enzyme-prodrug therapy.
When the suicide gene is delivered to cancer cells and a non-toxic prodrug is
administered, the enzyme converts the non-toxic prodrug into its active and lethal
form, which results in cancer cell death.

Peer review

The authors investigated whether bCD mutant D314A suicide gene and 5-FC
prodrug therapy increased therapeutic efficacy in a nude mouse model of human
colon cancer, using lentiviral vectors. It revealed for the first time that D314A
significantly enhanced antitumor activity in human colon cancer xenograft models.
The results are useful and may provide a new strategy to treat colorectal cancer.

REFERENCES

1  Jemal A, Siegel R, Xu J, Ward E. Cancer statistics, 2010. CA
Cancer | Clin 2010; 60: 277-300

2 Weiss ], Moghanaki D, Plastaras JP, Haller DG. Improved pa-
tient and regimen selection in locally advanced rectal cancer:
who, how, and what next? Clin Colorectal Cancer 2009; 8: 194-199

3 Sharma A, Tandon M, Bangari DS, Mittal SK. Adenoviral
vector-based strategies for cancer therapy. Curr Drug ther
2009; 4: 117-138

4 Wu C, Lin ], Hong M, Choudhury Y, Balani P, Leung D, Dang
LH, Zhao Y, Zeng ], Wang S. Combinatorial control of suicide
gene expression by tissue-specific promoter and microRNA
regulation for cancer therapy. Mol Ther 2009; 17: 2058-2066

5 Figueiredo ML, Kao C, Wu L. Advances in preclinical inves-
tigation of prostate cancer gene therapy. Mol Ther 2007; 15:
1053-1064

6 Chaszczewska-Markowska M, Stebelska K, Sikorski A, Madej
J, Opolski A, Ugorski M. Liposomal formulation of 5-fluoro-
cytosine in suicide gene therapy with cytosine deaminase-for
colorectal cancer. Cancer Lett 2008; 262: 164-172

7 Shen LZ, Wu WX, Xu DH, Zheng ZC, Liu XY, Ding Q, Hua
YB, Yao K. Specific CEA-producing colorectal carcinoma cell
killing with recombinant adenoviral vector containing cyto-
sine deaminase gene. World | Gastroenterol 2002; 8: 270-275

8 Yazawa K, Fisher WE, Brunicardi FC. Current progress in sui-
cide gene therapy for cancer. World | Surg 2002; 26: 783-789

9  Huang Q, Liu XZ, Kang CS, Wang GX, Zhong Y, Pu PY. The
anti-glioma effect of suicide gene therapy using BMSC ex-
pressing HSV/TK combined with overexpression of Cx43 in
glioma cells. Cancer Gene Ther 2010; 17: 192-202

10 Garcia-Rodriguez L, Abate-Daga D, Rojas A, Gonzalez JR,

June 28, 2011 | Volume 17 | Issue 24 |



11

12

13

14

15

16

17

18

19

20

Deng LY et a/. Antitumor activity of mutant bCD

Fillat C. E-cadherin contributes to the bystander effect of TK/
GCV suicide therapy and enhances its antitumoral activity in
pancreatic cancer models. Gene Ther 2011; 18: 73-81
Spasojevié I, Maksimovi¢ V, Zakrzewska J, Baci¢ G. Effects of
5-fluorouracil on erythrocytes in relation to its cardiotoxicity:
membrane structure and functioning. | Chem Inf Model 2005;
45: 1680-1685

Brown NL, Lemoine NR. Clinical trials with GDEPT: cytosine
deaminase and 5-fluorocytosine. Methods Mol Med 2004; 90:
451-457

Freytag SO, Stricker H, Pegg ], Paielli D, Pradhan DG, Peabody
], DePeralta-Venturina M, Xia X, Brown S, Lu M, Kim JH. Phase
I study of replication-competent adenovirus-mediated double-
suicide gene therapy in combination with conventional-dose
three-dimensional conformal radiation therapy for the treat-
ment of newly diagnosed, intermediate- to high-risk prostate
cancer. Cancer Res 2003; 63: 7497-7506

Breton E, Goetz C, Kintz J, Accart N, Aubertin G, Grellier B,
Erbs P, Rooke R, Constantinesco A, Choquet P. In vivo pre-
clinical low-field MRI monitoring of tumor growth following
a suicide-gene therapy in an orthotopic mice model of human
glioblastoma. C R Biol 2010; 333: 220-225

Shi DZ, Hu WX, Li LX, Chen G, Wei D, Gu PY. Pharmaco-
kinetics and the bystander effect in CD:UPRT/5-FC bi-gene
therapy of glioma. Chin Med | (Engl) 2009; 122: 1267-1272
Mahan SD, Ireton GC, Stoddard BL, Black ME. Alanine-scan-
ning mutagenesis reveals a cytosine deaminase mutant with
altered substrate preference. Biochemistry 2004; 43: 8957-8964
Diasio RB, Lakings DE, Bennett JE. Evidence for conversion
of 5-fluorocytosine to 5-fluorouracil in humans: possible fac-
tor in 5-fluorocytosine clinical toxicity. Antimicrob Agents Che-
mother 1978; 14: 903-908

Stolworthy TS, Korkegian AM, Willmon CL, Ardiani A,
Cundiff ], Stoddard BL, Black ME. Yeast cytosine deaminase
mutants with increased thermostability impart sensitivity to
5-fluorocytosine. | Mol Biol 2008; 377: 854-869

Mahan SD, Ireton GC, Knoeber C, Stoddard BL, Black ME.
Random mutagenesis and selection of Escherichia coli cyto-
sine deaminase for cancer gene therapy. Protein Eng Des Sel
2004; 17: 625-633

Kaliberov SA, Market JM, Gillespie GY, Krendelchtchikova
V, Della Manna D, Sellers JC, Kaliberova LN, Black ME, Bu-

(4 9

TR
JBaishideng®

WJG | www.wjgnet.com

2964

21

22

23

24

25

26

27

28

29

30

chsbaum DJ. Mutation of Escherichia coli cytosine deaminase
significantly enhances molecular chemotherapy of human
glioma. Gene Ther 2007; 14: 1111-1119

Kaliberova LN, Della Manna DL, Krendelchtchikova V, Black
ME, Buchsbaum DJ, Kaliberov SA. Molecular chemotherapy
of pancreatic cancer using novel mutant bacterial cytosine de-
aminase gene. Mol Cancer Ther 2008; 7: 2845-2854

Shen LZ, Hua YB, Wu WX, Xu DH, Ding Q, Liu XY, Wang
GL. IL-2 gene therapy enhances cytotoxic effect of E. Coli. Cy-
tosine deaminase gene for colon cancer. Zhonghua Weichang
Waike Zazhi 2004; 7:411-413

Shen LZ, Hua YB, Wu WX, Xu DH, Ding Q, Chen GY, Zheng
ZC, Liu XY. Enhancement of tumor killing using a combi-
nation of E. Coli. Cytosine deaminase gene and INF- gene
therapy. Acta Univ Med Nanjing 2004; 24: 618-620

Sun MC, Huang YM, Zhu ZC, Wang JP, Shen LZ, Wu WX.
Inhubitory effect of mutant cytosine deaminase D314A against
huaman colon cancer cells. Zhongguo Zhongliu Shengwu Zhiliao
Zazhi 2009; 16: 595-599

Cunningham D, Atkin W, Lenz HJ, Lynch HT, Minsky B,
Nordlinger B, Starling N. Colorectal cancer. Lancet 2010; 375:
1030-1047

Agard C, Ligeza C, Dupas B, Izembart A, El Kouri C, Moullier
P, Ferry N. Immune-dependent distant bystander effect after
adenovirus-mediated suicide gene transfer in a rat model of
liver colorectal metastasis. Cancer Gene Ther 2001; 8: 128-136
Shen LZ, Wu WX, Hua YB, Ding Q, Chen T. The relationship
between the bystander effect of E. coli cytosine deaminase
gene depends on the immune status of host. Linchuang Zhong-
liuxue Zazhi 2004; 9: 237-240

Shen LZ, Ding Q, Wu WX, Xu DH, Liu XY, Zheng ZC, Wu ZY.
In vitro effect of cytosine deaminase gene therapy and chemi-
cal reagents on colon cancer cell line. Zhonghua Weichang Waike
Zazhi 2002; 17: 404-406

Xing L, Sun X, Deng X, Kotedia K, Urano M, Koutcher JA,
Ling CC, Li GC. Expression of the bifunctional suicide gene
CDUPRT increases radiosensitization and bystander effect
of 5-FC in prostate cancer cells. Radiother Oncol 2009; 92:
345-352

Escors D, Breckpot K. Lentiviral vectors in gene therapy: their
current status and future potential. Arch Immunol Ther Exp
(Warsz) 2010; 58: 107-119

S- Editor Sun H L- Editor Kerr C E- Editor Ma WH

June 28, 2011 | Volume 17 | Issue 24 |



W J

World Journal of
Gastroenterology

Online Submissions: http:/ /www.wjgnet.com/1007-9327office

wjg@wijgnet.com
doi:10.3748 /wjg.v17.i24.2965

World | Gastroenterol 2011 June 28; 17(24): 2965-2971
ISSN 1007-9327 (print) ISSN 2219-2840 (online)
© 2011 Baishideng. All rights reserved.

BRIEF ARTICLE

CD133" gallbladder carcinoma cells exhibit self-renewal

ability and tumorigenicity

Cheng-Jian Shi, Jun Gao, Min Wang, Xin Wang, Rui Tian, Feng Zhu, Ming Shen, Ren-Yi Qin

Cheng-Jian Shi, Min Wang, Xin Wang, Rui Tian, Feng Zhu,
Ming Shen, Ren-Yi Qin, Department of Biliary-pancreatic Sur-
gery, Affiliated Tongji Hospital, Tongji Hospital, Tongji Medical
College, Huazhong University of Science and Technology, Wu-
han 430030, Hubei Province, China

Jun Gao, Department of General Surgery, The Affiliated Hos-
pital of Qingdao University Medical College, Qingdao 266003,
Shandong Province, China

Author contributions: Shi CJ and Gao J contributed equally
to this work; Shi CJ, Gao J and Wang X performed the majority
of the experiments, analyzed the data and wrote the manuscript;
Tian R and Qin RY designed the research and drafted the manu-
script; Wang X, Wang M and Shen M helped edit the manuscript;
Zhu F contributed to the cell culture experiments.

Supported by Grant from the National Natural Science Founda-
tion of China, No. 30772172

Correspondence to: Ren-Yi Qin, MD, Professor, Department
of Biliary-pancreatic Surgery, Tongji Hospital, Tongji Medical
College, Huazhong University of Science and Technology, No.
1095, Jiefang Ave., Wuhan 430030, Hubei Province,

China. ryqin@tjh.tjmu.edu.cn

Telephone: +86-27-83663814 Fax: +86-27-83663874
Received: October 25,2010 Revised: November 28, 2010
Accepted: December 5, 2010

Published online: June 28, 2011

Abstract

AIM: To identify cancer stem cells (CSCs) in human gall-
bladder carcinomas (GBCs).

METHODS: Primary GBC cells were cultured under
serum-free conditions to produce floating spheres. The
stem-cell properties of the sphere-forming cells, includ-
ing self-renewal, differentiation potential, chemoresis-
tance and tumorigenicity, were determined /n vitro or
/in vivo. Cell surface expression of CD133 was investi-
gated in primary tumors and in spheroid cells using flow
cytometry. The sphere-colony-formation ability and tu-
morigenicity of CD133" cells were assayed.

RESULTS: In vitro culture experiments revealed that
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floating spheroids were generated from primary GBC
cells, and these sphere-forming cells could generate
new progeny spheroids in serum-free media. Spheroid
cells were differentiated under serum-containing con-
ditions with downregulation of the stem cell markers
Oct-4, Nanog, and nestin (P < 0.05). The differentiated
cells showed lower spheroid-colony-formation ability
than the original spheroid cells (P < 0.05). Spheroid
cells were more resistant to chemotherapeutic reagents
than the congenetic adherent cells (P < 0.05). Flow cy-
tometry showed enriched CD133" population in sphere-
forming cells (P < 0.05). CD133" cells possessed high
colony-formation ability than the CD133" population (P
< 0.01). CD133" cells injected into nude mice revealed
higher tumorigenicity than their antigen-negative coun-
terparts (P < 0.05).

CONCLUSION: CD133 may be a cell surface marker
for CSCs in GBC.

© 2011 Baishideng. All rights reserved.

Key words: Gallbladder carcinoma; Cancer stem cell;
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Tumorigenicity
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INTRODUCTION

Gallbladder carcinoma (GBC) is the most common
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malignant neoplasm of the biliary tract and the seventh
most common gastrointestinal cancer'. Tts clinical pre-
sentation is nonspecific and may include abdominal pain,
weight loss, fever, and jaundice. Current evidence sug-
gests that radical surgery is the only curative treatment
for GBC. However, despite development in surgery, the
5-year survival rate in patients with advanced stage GBC
is still only around 10%”. Pooling of carcinogens under
conditions causing biliary stasis, or malignant degenera-
tion of metaplastic changes after chronic inflammation
have been suggested as possible factors, but the precise
pathogenetic mechanisms of GBC remain unclear'. The
biology of GBC therefore needs further investigation.
Emerging evidence has shown that the abilities for
tumor growth and propagation reside in a small popula-
tion of tumor cells, termed cancer stem cells (CSCs) or
tumor-initiating cells. These cells possess properties of
self-renewal, differentiation potential, resistance to che-
motherapy, and high tumorigenicity[z"s]. Based on this
hypothesis, CSCs were initially isolated from human acute
myeloid leukemia”. Regarding solid tumors, the existence
of CSCs in breast cancer was reported in 2003, when
as few as 200 CD44"CD24”" ESA” breast cancer cells
were shown to be adequate to produce new tumors in
nonobese diabetic/severe combined immunodeficient
mice, whereas a significantly higher number of other cell
populations failed to form tumor xenografts'”. Tumor-
initiating cells with distinct cell surface markers have
recently been identified in vatious solid tumors, such as
brain'", prostate[12 19 and ovarian cancer!™,
and in Ewing’s sarcoma!”. It is generally considered that
the identification of the CSCs could have a significant im-
pact on the understanding of tumor biology and therapy.

1 pancreatic

Several different methods have previously been used
to identify CSCs"*'" including the culture of cancer
cells under non-adherent conditions in serum-free media
containing epidermal growth factor (EGF) and basic fi-
broblast growth factor (bFGF). The growth of spherical
colonies is considered to reflect the self-renewal ability
and phenotype of CSCs. In the present study, we cul-
tured primary GBC cells to generate spherical colonies
and estimated their differentiation potential in the serum
medium. We compared the chemoresistance of spheroid
cells and differentiated cells i vitro. We also examined the
expression of the CSC surface marker CD133, and inves-
tigated its use as a candidate marker to further identify the
CSC phenotype in GBC, including comparing the 7 vitro
spheroid-colony-formation and 7 vive tumorigenicity of
CD133" and CD133 cells. The results of this study may
clarify the phenotype of CSCs in GBC, thus contributing
to the development of more effective therapeutic ap-
proaches.

MATERIALS AND METHODS

Preparation of single cancer cells
Two samples of human GBC were obtained after surgical
excision in accordance with Institutional Review Board-
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approved guidelines. Tumor tissue specimens were dissoci-
ated using scissors and scalpels, mixed with collagenase IV
(Invitrogen, USA) in medium199 (collagenase 200 U/ml.,
Invitrogen), and incubated at 37°C for 2.5-3 h. At the end
of the incubation, cells were filtered through a 40-pum
nylon mesh and washed twice with phosphate-buffered
saline (PBS)/10% fetal bovine serum (FBS, Gibco, USA).

Tumor cell cultures

The single tumor cells were suspended in serum-free
DMEM/F12 (1:1 volume, Gibco) consisting of 20 ng/mL
human recombinant EGF (PeproTech, USA), 20 ng/mL
bFGF (PeproTech), 5 pg/mL insulin (Sigma, USA), and
cultured in 24-well culture plates at a density of 1 X 10%/
well. Fresh serum-free DMEM/F12 (desctibed above) was
added into the wells at 0.05 mL/well every day. Spheroids
were collected and dissociated 2 wk after primary culture.
The resulting single cells were placed into stem cell culture
medium to generate progeny spheres. Images of the spher-
oid colonies were recorded using an inverted microscope
(Nikon, Type 108) equipped with a Nikon 2000-S Inverted
Photomicroscope and Nikon NIS-Elements F2.30 soft-

ware.

Differentiation assay

To assess their differentiation potential, spheres were col-
lected and placed into DMEM/F12 supplemented with
10% FBS without growth factors, as described previously,
and cell morphology was observed. After 14 d of culture
in differentiating medium, tumor cells were collected and
suspended in serum-free DMEM/F12 (described above),
and cultured in 96-well culture plates at a density of 10
cells per well. Fresh serum-free DMEM/F12 was added
into the wells at 0.025 mL per well every day. After 2 wk,
each well was examined under light microscope and the
total number of spheroid colonies in the 96-well plates
was counted.

Real-time quantitative reverse transcription-polymerase
chain reaction

Total RNA was extracted from spheroid cells or adherent
cells using RNeasy Mini kit (Qiagen), and was reverse tran-
scribed into cDNA using M-MLV reverse transcriptase
enzyme (Sigma). Real-time quantitative reverse transcrip-
tion-polymerase chain reaction (RT-PCR) was performed
using an ABI PRISM 7900HT sequence detection system
(Applied Biosystems), according to the manufacturer’s
instructions. The relative mRNA expression levels of the
tested genes were normalized to the level of endogenous
control gene, glyceraldehyde-3-phosphate dehydrogenase.

Chemoresistance experiments

Cells were seeded in 96-well plates at 3000 cells per well.
Each well was supplied with DMEM medium containing
10% FBS, together with either gemcitabine (1 ug/mL,
Sigma) or 5-fluorouracil (0.1 pg/mL, Sigma), or no drug

as control. The culture medium was changed 3 d after
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Figure 1 Culture of floating spheres. Single primary gallbladder carcinoma cells were cultured in serum-free medium containing human epidermal growth fac-
tor (20 ng/mL) and basic fibroblast growth factor (10 ng/mL). A: After culture for 1 wk, non-adherent spheres were observable (original magnification x 200); B: The
spheres were dissociated and were plated into the same stem-cell-selective medium; similar progeny spheres emerged after 2 wk (original magnification x 200); C:
The second progeny spheres were derived from the first progeny sphere-forming cells (original magnification x 200).

initial treatment and the number of viable cells was deter-
mined using the 3-(4,5-dimethylthiazol-2)-2,5-diphenyltet-
razolium bromide (MTT) method. Briefly, 20 pul. of MTT
(5 mg/mL in PBS, Sigma) was added to the medium for
4 h. Medium and MTT were removed, dimethylsulfoxide
(Sigma) was added, and the absorbance was measured
at 490 nm using a plate reader Multiskan EX (Thermo
Fisher Scientific Inc., Waltham, MA).

Detection of CD133 expression using flow cytometry
Cells derived from primary tumors or spheres were sepa-
rately resuspended in PBS with 2% FBS at a concentra-
tion of 10°/100 pL. Antd-CD133/1-phycoerythrin (eBio-
science, USA) was added to the samples, and incubated
on ice for 30 min. After incubation, the samples were
washed twice with 2% FBS/PBS and resuspended in 2%
FBS/PBS. Flow cytometric analysis was performed using
a FACSAria (BD Immunocytometry Systems, Franklin
Lakes, NJ, USA).

Spheroid-colony-formation assay of CD133" GBC cells
CD133" and CD133 populations were sorted from sphere-
forming cells using fluorescence-activated cell sorting
(FACS). For FACS, cells were collected and stained, and
sorted using a FACSAria. The sorted tumor cells were
suspended in serum-free DMEM/F12, and cultured in
96-well culture plates at a density of 10/well. After 2 wk,
the total number of spheroid colonies in the 96-well plate
was counted, as described above.

Tumorigenicity of CD133" GBC cells in vivo

Female nude mice (BALB/C), 4-6 wk old, were purchased
from Hunan Slack King of Laboratory Animal Co., Ltd.
(Changsha, China). CD133" and CD133 populations
were sorted from two primary tumors (tumor 3 and tu-
mor 4), and from sphere-forming cells using FACS. Cells
were routinely sorted twice, and reanalyzed for a purity,
which was typically > 90%. Sorted cells were resuspend-
ed in PBS/Mattigel mixture (1:1 volume). The mice wete
anesthetized using ethyl ether and 10000 tumor cells were
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injected subcutaneously into the abdominal region, using
a gauge needle. The mice were maintained under stan-
dard conditions according to the institutional guidelines
for animal care. Tumor appearance was inspected weekly
by visual observation and palpation. Animal experiments
were terminated 3 mo after cell injection.

Hematoxylin and eosin staining and immunohistochemistry
Primary tumor tissues and mouse xenografts were fixed
in 10% formalin and embedded in paraffin. Sections
were cut and stained with hematoxylin and eosin (HE) to
assess tumor type. The sections were incubated with anti-
human CA19-9 antibody (Abcam, UK) and secondary
antibodies using an ImmunoPure ABC Staining kit (Santa
Cruz, USA), according to standard immunohistochemi-
cal procedures. Negative controls containing no primary
antibody were prepared. All microscopic images were
captured as above.

Statistical analysis

Data were expressed as mean + SD and Student’s # test
was used to compare the differences between groups.
Values of P < 0.05 were considered significant.

RESULTS

Spheroid formation

Previous studies indicated that CSCs could produce float-
ing three-dimensional tumor spheroids under stem-cell-se-
lective conditions*". Based on these studies, we cultured
primary human GBC cells in serum-free DMEM/F12 in
an attempt to expand human GBC CSCs. Non-adherent
spheres derived from human GBCs were observable after
in vitro culture for 1 wk (Figure 1A), and these continued
to expand for 2-3 wk in serum-free media. The spheres
were dissociated and the resulting single cells were plated
in the same stem-cell-selective medium; similar progeny
spheres emerged after 2 wk (Figure 1B and C). This dem-
onstrated that tumor sphere cells had self-renewing chat-
acteristics.
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Figure 2 Differentiation of spheroid cells. Non-adherent spheres were collected and placed into DMEM/F12 supplemented with 10% fetal bovine serum. A: After
6 h, cells migrated from the spheres and became adherent and the sphere volume was significantly reduced (original magnification x 200); B: The spheroid-colony-
forming ability of spheroid cells decreased under differentiating conditions. °P < 0.05 vs spheroid cells under stem-cell-selective conditions; C: The expression levels
of Oct-4, Nanog and nestin were examined using real-time quantitative reverse transcription-polymerase chain reaction. The stem cell markers were downregulated in

the adherent cells. °P < 0.05 vs spheroid cells under stem-cell-selective conditions.

Sphere-forming cells displayed differentiation potential
Spheres were cultivated under differentiating conditions
to determine the differentiation potential of the tumor
sphere cells. After 6 h of culture, the floating tumor
spheres attached to the bottom of the culture plates and
cells migrated from the spheres and became adher-
ent (Figure 2A). After 14 d of culture in differentiating
conditions, the sphere-formation ability of the adherent
cells was assayed. The spheroid-colony-forming ability
decreased, compared with that of the original sphere-
forming cells (P < 0.05, Figure 2B). The expression of
stem cell markers, including Oct-4, Nanog and nestin,
were examined using real-time RT-PCR. These mark-
ers indicate an undifferentiated stem cell phenotype[22’23].
Spheroid cells showed higher expression of these markers
than adherent cells (P < 0.05, Figure 2C), strongly sup-
porting the idea that spheroid cells were differentiated in
serum-containing medium.

Sphere-forming cells displayed high chemoresistance
in vitro

Previous studies suggested that CSCs in several solid
tumors gossessed higher chemoresistance than non-
CSCs™?. To examine if our spheroid cells also possessed
a CSC chemoresistant phenotype, the chemosensitivities
of these cells were assessed under stem-cell-selective o5
differentiating conditions. Spheroid cells under stem-cell-
selective conditions displayed a greater resistance to gem-
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Figure 3 Chemoresistance assays of spheroid cells. Sphere-forming cells
and differentiated cells were seeded in 96-well plates at 3000 cells/well. Che-
motherapeutic reagents gemcitabine (1 pg/mL) and 5-fluorouracil (0.1 pug/mL)
were added and cell survival was estimated by 3-(4,5-dimethylthiazol-2)-2,5-
diphenyltetrazolium bromide assay. °P < 0.05 vs differentiated cells.

citabine and 5-fluorouracil than those under differentiat-
ing conditions (P < 0.05, Figure 3).

CD133" cells were enriched in tumor spheres

The expression pattern of a possible candidate cell sur-
face marker for CSCs was examined in primary human
GBC and in sphere-forming cells, using flow cytometry.
CD133 was selected as a potential marker, based on the
results of previous studies of CSCs in solid tumors. Flow
cytometric analysis revealed that CD133" cells were pres-
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Figure 4 CD133 expression in gallbladder carcinoma spheroid cells. The
single cells dissociated from primary tumors or spheres were incubated with
anti-CD133/1-phycoerythrin and flow cytometric analysis was performed. The
percentage of CD133" cells was higher in the spheroid cells. P < 0.05 vs pri-
mary gallbladder carcinoma cells.

ent at relatively low percentages in samples from both
primary tumors (3.79% in tumor 1 and 3.15% in tumor 2).
The CD133" populations, however, were significantly in-
creased to 18.65% (tumor 1) and 21.54% (tumor 2) in the
tumor spheres (P < 0.05, Figure 4). These results suggest
that CD133 could be a candidate cellular surface marker
for GBC progenitors.

CD133" GBC cells showed higher spheroid-colony-
forming ability in vitro

The growth of spherical colonies is considered to re-
flect the self-renewal ability and phenotype of CSCs'",
CD133" cells were isolated from spheres and placed into
stem-cell-selective conditions. After iz vitro culture for
2 wk, the total number of spheroid colonies containing
more than 20 cells was counted, and CD133" cells gener-
ated mote spheroid colonies than the CD133 fractions (P
< 0.01, Figure 5). These results suggest that the CD133"
subset plays a dominant role in the spheroids.

CD133" GBC cells showed higher tumorigenicity in vivo
To authenticate the iz vitro findings, sorted GBC cells
were transplanted into nude mice. An apparent difference
in tumorigenicity was observed between the cell popula-
tions (P < 0.05, Table 1, Figure GA). It was found that 10*
CD133" GBC cells were able to generate tumors in six
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Rate of spheroid formation (%)

CD133"

CD133

Figure 5 Spheroid-colony-formation assay of CD133" cells. Sphere-form-
ing cells were isolated by fluorescence-activated cell sorting for marker CD133
and cultured in 96-well plates in serum-free medium (10 cells per well) con-
taining human epidermal growth factor (20 ng/mL) and basic fibroblast growth
factor (10 ng/mL). After 2 wk, the total number of spheroid colonies containing
more than 20 cells was counted. CD133" cells generated more spheroid colo-
nies. °P < 0.01.

Cell type Fraction 1st mo 2nd mo 3rd mo’
Spheroid cells CD133" 1/6 3/6 6/6
CD133 0/6 0/6 1/6
Tumor 3 CD133" 0/3 1/3 3/3
CD133° 0/3 0/3 1/3
Tumor 4 CD133" 1/3 2/3 3/3
CD133° 0/3 0/3 0/3

Freshly-sorted cells were injected subcutaneously into the abdominal
regions of nude mice at a dose of 10000 cells. °P < 0.05.

out of six or three out of three nude mice after 9-12 wk,
while the same number of CD133 cells induced tumors
in only one out of six or one out of three nude mice, with
smaller mass and longer latency. HE staining and immu-
nohistochemistry demonstrated that the xenografts in the
immunodeficient mice were generated from the injected
human GBC cells. The xenograft tumors revealed similar
histologic characteristics and expression of CA19-9 to
those of the primary GBC (Figure 6B). Taken together,
these results indicate that CD133" GBC cells exhibited
cancer stem-cell-like characteristics, strongly supporting
the existence of tumor-initiating cells in this population.

DISCUSSION

A number of studies have demonstrated the presence
of CSCs in solid tumors. These cells possess the abilities
of self-renewal and differentiation, high tumorigenicity,
and resistance to current treatments' . In this study,
we described the characterization of CSCs in human
GBC. Previous studies showed that tumor spheres could
be generated from tumor cells in serum-free medium
and that the constituent cells exhibited the properties of
CSCs, including self-renewal, differentiation potential,

chemotherapy resistance, and high turnorigenicitym’m.
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Figure 6 Xenograft formation of CD133" gallbladder carcinoma cells. Sorted cells were injected subcutaneously into the abdominal regions of nude mice at a
dose of 10 000 cells. A: CD133" cells produced palpable xenograft tumors at the injection site, whereas CD133" cells generated no tumors; B: Hematoxylin and eosin

staining of xenograft and expression of CA19-9 (original magnification x 200).

In our experiments, primary GBC cells formed tumor
spheres when cultivated under stem-cell-selective con-
ditions similar to those reported previously. The self-
renewal and differentiation potentials, proliferation ability
and chemosensitivity of the sphere-forming cells were
assessed. These cells displayed CSC properties by regen-
erating new tumor spheres in serum-free medium, over-
expressing stem cell markers and showing a higher resis-
tance to chemotherapeutic reagents, while these features
were diminished under differentiating conditions. These
results indicate that CSCs were enriched in these floating
GBC spheres.

Cell surface markers of CSCs can help distinguish,
isolate and purify these tumor-initiating cells for further
biological investigation. The protein CD133 is cell surface
marker for CSCs in brain tumor!, Ewing’s sarcoma'"”
and liver cancers”. The development and differentiation
of human bile ducts and liver are closely related; both
start from hepatic endodermal cells and hepatoblasts
just after liver primordium formation. We therefore
selected CD133 as a potential CSC marker in the cur-
rent study, and detected its expression in primary GBC
and in sphere-forming cells. CD133" cells comprised a
small fraction of the total tumor population in all three
samples studied, but represented an increased percentage
of the sphere-forming cells. This suggests that CD133
could act as a cell surface marker for CSCs in GBC. We
also investigated the use of this cell surface protein as a
candidate marker to further identify the CSC phenotype
in GBC. The self-renewal ability of CD133" cells was
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tested using spheroid-forming assays in serum-free me-
dium. CD133" cells possessed higher clonogenicity than
their antigen-negative counterparts. Subsequent 7z vivo
tumorigenesis experiments demonstrated that CD133"
cells possessed higher tumorigenicity than the CD133
subpopulation. Furthermore, the tumors generated in
nude mice displayed the same phenotype as the primary
GBC tissue. Taken together, these results firmly suggest
that CD133" cells possess the potentials for self-renewal
and high tumorigenicity, exhibiting cancer stem-cell-like
characteristics in human GBC.

The internal relationship between the expression of
CD133 and the characteristics of CSCs remains unclear.
Previous studies suggested that CD133 expression was
associated with cell motility in melanoma®” and colorec-
tal cancer cells®, and a high level of CD133 was also
associated with increased resistance to staurosporine-
inducing apoptosis””. These associations may be due to
the interaction between CD133 and the canonical Wnt
pathwaym]. However, the role of CD133 in these biologi-
cal activities remains to be further clarified.

In summary, the results of this study demonstrate that
CSCs are enriched in non-adherent spheres derived from
GBC cells, and that CD133 protein may represent a cell
surface marker for this cell population.
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Abstract

Chronic intestinal pseudo-obstruction (CIPO) is a rare
disease due to a severe gastrointestinal motility disor-
der which may mimic, on both clinical and radiological
grounds, mechanical obstruction. We report a case of a
26-year-old woman who presented to our institution for
plain abdominal radiography for referred long-lasting
constipation with recurrent episodes of abdominal
pain and distension. At X-ray, performed both in the
upright and supine position, an isolated air-fluid level
was depicted in the left flank, together with a number
of radiological signs suggestive of pneumoperitoneum.
First, subphrenic radiolucency could be observed in the
upright film. Second, the intestinal wall of some jejunal
loops appeared to be outlined in the right flank. Third,
the inferior cardiac border was clearly depicted in the
upright film. The patient however had no evidence of
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peritoneal signs but only hypoactive bowel movements.
Unenhanced multi-detector computed tomography
(MDCT) of the abdomen and pelvis was therefore per-
formed. MDCT revealed abnormal air-driven distension
of the small and large bowel, without evidence of extra-
luminal air. All radiological signs of pneumoperitoneum
turned out to be false-positive results. The patient was
submitted to pan-colonoscopy and to anorectal man-
ometry to rule out Hirshprung’s disease, and was finally
discharged with a diagnosis of CIPO.

© 2011 Baishideng. All rights reserved.
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INTRODUCTION

Chronic intestinal pseudo-obstruction (CIPO) is a rare
motility disorder of the gastrointestinal (GI) tract that is
usually observed in a number of different neuropathies,
mesenchymopathies or myopathies, but it can also be
idiopathic''. Tt is characterized by failure of the GI tract
to propel its content and may result in a clinical picture
mimicking mechanical obstruction, with patients com-
plaining of recurrent episodes of abdominal distension,
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with or without abdominal pain, nausea and Vornitingm.

The diagnosis of CIPO is mainly clinical and is usu-
ally postulated after exclusion of any organic lesion oc-
cluding the gut lumen at endoscopy, while it can be sup-
ported by radiographic documentation of dilated small
and/or large bowel loops, without evidence of a definite
transition zone. This, in adults, is now best accomplished
by multi-detector computed tomography (MDCT), which
can obviate the need for unnecessary laparotomym.
However, plain abdominal films are one of the most im-
portant examinations in the diagnosis of CIPO in which
abnormal air-driven distension of both small and large
bowel is usually depicted.

Here, we report a case of a 26-year-old woman who
presented to our institution for plain abdominal radi-
ography as part of clinical and radiological work-up for
referred long-lasting constipation with recurrent episodes
of abdominal pain and distension. At X-ray, an isolated
air-fluid level could be observed in the left flank region,
together with a number of radiological signs sugges-
tive of pneumoperitoneum. These could be appreciated
both in the upright and supine films, but turned out to
be false-positive results, as an unenhanced MDCT scan
failed to show evidence of extra-luminal air in the perito-
neal cavity.

CASE REPORT

A 26-year-old woman with a history of recurrent epi-
sodes of abdominal pain and distension came to our
institution to undergo plain abdominal radiography. Ab-
dominal plain films were obtained both in the upright
(Figure 1A) and supine (Figure 1B) position. The upright
film showed an isolated air-fluid level in the left flank
region, consistent with an obstruction of the descend-
ing colon, together with a number of X-ray findings
suggestive of pneumoperitoneum. First, subphrenic
radiolucencies were clearly depicted on both sides in the
upright film. Second, the inferior cardiac border could be
observed from the cardiac apex to the inferior vena cava.
Third, the intestinal wall of some jejunal loops appeared
to be outlined in the right flank (Figure 1A). This latter
finding was also evident in the supine film, configuring
the so-called bas-relief or Riglet’s sign together with the
lack of normal hepatic shadow in the right subphrenic
space, the so-called hyperlucent liver sign (Figure 1B).
Based on these X-ray findings, the on-call radiologist im-
mediately contacted the referring physician to communi-
cate a diagnosis of pneumoperitoneum.

At physical examination, however, only a large ab-
dominal distension with hypoactive bowel could be ob-
served, but no peritoneal signs. It was therefore agreed
upon to perform MDCT (Aquilion 4; Toshiba, Japan).
This was performed with a detector configuration of 4 X
5 mm, table speed 30 mm/s, rotation time = 0.5 s, beam
pitch = 0.75, 120 kVp, 250 mA. Only unenhanced acqui-
sition was performed. The MDCT scan showed marked
dilation of the large bowel, with both hepatic and splenic
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Figure 1 Upright (A) and supine (B) films in a female patient complaining
of long-lasting constipation, with recurrent episodes of abdominal pain
and distension. A: An isolated air-fluid level is depicted in the left flank, sug-
gesting mechanical obstruction at the level of the descending colon. Subphrenic
radiolucency is evident on both sides, together with the outlining of the intestinal
wall of some small bowel loops in the right flank (arrowheads) and that of the
inferior cardiac border (arrows); B: Outline of the intestinal wall of small bowel
loops appears to be depicted in the right flank (arrowheads), configuring the
so-called bas-relief or Rigler’s sign. In addition, hyperlucency is depicted in the
right subphrenic space in place of the normal hepatic shadow, configuring the
bright or hyperlucent liver sign (*).

flexures displaced underneath the diaphragm (Figure 2A).
Air-driven distension involved both small (Figure 2B) and
large bowel (Figure 2C) loops. There was no evidence of
any obstructive lesion and both the sigmoid colon and
rectum were normally filled with feces (Figure 2D). No
evidence of free air in the peritoneal cavity was found,
therefore, a diagnosis of pneumoperitoneum could not
be confirmed.

Further clinical, biochemical and instrumental investi-
gation involving pan-colonoscopy and anorectal manom-
etry revealed no undetlying causes, and the patient was
finally discharged with a diagnosis of CIPO.

DISCUSSION

Pneumopetitoneum is usually referred to as the presence
of free air within the peritoneal cavity. Its radiological
diagnosis usually relies on the evidence of typical sub-
phrenic radiolucency in the posteriot-anterior projection
taken in the upright position". As a result, the term pseu-
dopneumopetitoneum is used when the subphrenic radio-
lucency does not correspond to free intraperitoneal air'”,
but can be traced to cither subphrenic fat pad” or basal
lung atelectasis'™. In these cases, the clarifying role of CT
has been acknowledged”.

To the best of our knowledge, whereas the possible
occurrence of pneumopetitoneum in CIPO has been de-
scribed"”, the occurrence of pseudopneumoperitoneum in
CIPO has not been reported to date. In our case, subphren-
ic radiolucency depicted in the upright film (Figure 1A)
was due to hepatic and splenic colonic flexures abnormal-
ly dilated and displaced below the diaphragmatic shadows,
as shown by CT (Figure 2A).

In the emergency setting, prompt recognition of ra-
diological signs of pneumoperitoneum in the anterior-
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Figure 2 Unenhanced four-row MDCT. Images are displayed with lung (A-C) and soft tissue (D) windows. A: Hepatic (h) and splenic (s) flexures, air-filled and
abnormally dilated, are displaced under the diaphragm, accounting for the subphrenic radiolucency depicted in the upright film; B: Intraluminal air in the large bowel
(c) appears to outline the intestinal wall (arrowheads) of a jejunal loop (j) that is also mildly dilated and air-filled, accounting for the Rigler’s sign depicted on the upright

and supine films; C: Abnormally dilated colonic segment situated between the liver (I) and anterior abdominal wall, simulating the hyperlucent (bright) liver sign de-
picted in the supine film; st: Stomach; sp: Spleen; D: Rectum is normally filled with feces. u: Uterus.

posterior projection taken in the supine position may be
of diagnostic value because it allows a confident diagno-
sis of pneumoperitoneum whenever an I-L projection is
not available or cannot be performed'".

These radiological signs, which can be mostly traced
to either the intestinal wall'” or various peritoneal
folds"", outlined by the presence of free air within the
peritoneal cavity, have been recently revised and classified
into four major categories as bowel-related signs, right
upper quadrant signs, peritoneal ligament signs, and other
signs“(’]

For at least one of these signs, namely the Rigler’s
sign, the possible occurrence of false-positive cases is
well acknowledged. Rigler’s sign can be simulated by two
contiguous, moderately dilated and air-filled loops of
bowel, whereby intraluminal air in one loop of bowel may
appear to outline the wall of the adjacent loop[m. These
false-positives cases, however, have only been reported
in the supine film where the sign itself was originally de-
scribed™. To the best of our knowledge, the occurrence
of a false-positive Rigler’s sign in the upright position has
never been described. As shown by MDCT, the intestinal
wall of some jejunal loops was in our case outlined by
intraluminal air in the large bowel, which was abnormally
dilated (Figure 2B). The anomalous dislocation of jejunal
loops in the right flank was not further investigated, al-
though it was likely due to concomitant malrotation.

Possible occurrence of false-positive results for the
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inferior cardiac border sign were also postulated in the
original description. The inferior border of the heart
becomes visible on supine radiography whenever it is
outlined by air; either free air in the peritoneal cavity,
such as in pneumoperitoneum, or air within the pleural
and/or pericardial sac. Occasionally, gas-filled loops col-
lected beneath the left hemi-diaphragm may simulate this
sign“s]. As with Rigler’s sign, these false-positive signs are
also expected to occur in the supine position and not in
the upright. In our case, however, the sign could not be
detected in the supine film because of suboptimal techni-
cal positioning (Figure 1B).

Finally, the hyperlucent liver sign which could be ob-
served on the supine film (Figure 1B) also turned out to
be a false-positive result because it was clearly due to the
interposition of dilated, air-filled large bowel loops be-
tween the liver and the anterior abdominal wall, as shown
by MDCT (Figure 2C). To the best of our knowledge,
false-positive cases of hyperlucent liver sign have never
been reported.

In the present case, MDCT not only ruled out the
radiological diagnosis of pneumoperitoneum but it also
excluded mechanical obstruction, and showed that the
sigmoid colon and rectum were normally filled with
feces, without evidence of a transition zone (Figure 2D).
As this latter CT finding is rather atypical in patients
with Hirschsprung’s disease!, this was also excluded by
anorectal manometry, which revealed a normal inhibitory
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rectoanal reflex™. The patient was therefore discharged
with a diagnosis of CIPO.

We have described a case of pseudopneumoperito-
neum in a patient with CIPO. All radiological findings of
pneumoperitoneum that were clearly depicted in the up-
right and supine films turned out to be false-positive re-
sults, as shown by MDCT. To the best of our knowledge,
such a case has not been reported to date.
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Abstract

Worldwide, the burden of the non viral causes of hepa-
tocellular carcinoma (HCC) is usually underestimated.
Clearly industrial goods, tobacco, alcohol and processed
foods are the agents of new epidemics in modern times
which far outscore the burden of infectious agents on
morbidity and mortality. Smoking, a dose-related contrib-
uting factor for HCC, receives too little attention in clinical
practice. In France, tobacco, hepatitis B and C virus and
alcohol are the main risk factors for HCC mortality (33%,
31% and 26%, respectively). In developing countries,
where tobacco consumption is dramatically increasing,
this epidemic may soon surpass hepatitis B. Obesity and
diabetes are the contributing factors too. The role of in-
dustrial processed foods in the increase of the prevalence
of obesity and diabetes cannot be ignored.

© 2011 Baishideng. All rights reserved.
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TO THE EDITOR

Worldwide, hepatocellular carcinoma (HCC) is the fifth
most common cancet and the third most common cause
of cancer-related death. The Journal must be acknowl-
edged for the publication of Blonski ez al" review who
wisely undetlined the burden of non viral causes of HCC
which are usually underestimated.

Blonski e# a/" rightly stressed the role of smoking,
a dose related contributing factor for HCC, and this is
important because some are still ighoring it”. In Prance,
tobacco, hepatitis B and C virus and alcohol are the main
risk factors for HCC mortality (33%, 31% and 26%, re-
spectively) b4,

Blonski e @/ also listed obesity and diabetes as con-
tributing factors for HCC. The role of industrial proc-
essed foods in the increase of the prevalence of obesity
and diabetes cannot be ignored.

Clearly industrial goods, tobacco, alcohol and proc-
essed foods are the agents of new epidemics in modern
times which far outscore the burden of infectious agents
on morbidity and mortality.
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GENERAL INFORMATION

World Jonrnal of Gastroenterology (World | Gastroenterol, WJG, print
ISSN 1007-9327, online ISSN 2219-2840, DOI: 10.3748) is a
weekly, open-access (OA), peer-reviewed journal supported by an
editorial board of 1144 experts in gastroenterology and hepatol-
ogy from 60 countries.

The biggest advantage of the OA model is that it provides
free, full-text articles in PDF and other formats for experts and
the public without registration, which eliminates the obstacle
that traditional journals possess and usually delays the speed
of the propagation and communication of scientific research
results. The open access model has been proven to be a true ap-
proach that may achieve the ultimate goal of the journals, i.e. the
maximization of the value to the readers, authors and society.

Maximization of personal benefits

The role of academic journals is to exhibit the scientific levels of
a country, a university, a center, a department, and even a scien-
tist, and build an important bridge for communication between
scientists and the public. As we all know, the significance of the
publication of scientific articles lies not only in disseminating and
communicating innovative scientific achievements and academic
views, as well as promoting the application of scientific achieve-
ments, but also in formally recognizing the “priotity” and “copy-
right” of innovative achievements published, as well as evaluating
research performance and academic levels. So, to realize these
desired attributes of WJG and cteate a well-recognized journal, the
following four types of personal benefits should be maximized.
The maximization of personal benefits refers to the pursuit of the
maximum personal benefits in a well-considered optimal manner
without violation of the laws, ethical rules and the benefits of oth-
ers. (1) Maximization of the benefits of editorial board members:
The primary task of editorial board members is to give a peer re-
view of an unpublished scientific article via online office system to
evaluate its innovativeness, scientific and practical values and detet-
mine whether it should be published or not. During peer review,
editorial board members can also obtain cutting-edge information
in that field at first hand. As leaders in their field, they have prior-
ity to be invited to write articles and publish commentary articles.
We will put peer reviewers’ names and affiliations along with the
article they reviewed in the journal to acknowledge their contribu-
tion; (2) Maximization of the benefits of authors: Since WJG is
an open-access journal, readers around the world can immediately
download and read, free of charge, high-quality, peer-reviewed
articles from WJ]G official website, thereby realizing the goals and
significance of the communication between authors and peers as
well as public reading; (3) Maximization of the benefits of readers:
Readers can read or use, free of charge, high-quality peer-reviewed
articles without any limits, and cite the arguments, viewpoints,
concepts, theories, methods, results, conclusion or facts and data
of pertinent literature so as to validate the innovativeness, scientific
and practical values of their own research achievements, thus en-
suring that their articles have novel arguments or viewpoints, solid
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evidence and correct conclusion; and (4) Maximization of the ben-
efits of employees: It is an iron law that a first-class journal is un-
able to exist without first-class editors, and only first-class editors
can create a first-class academic journal. We insist on strengthening
our team cultivation and construction so that every employee, in
an open, fair and transparent environment, could contribute their
wisdom to edit and publish high-quality articles, thereby realiz-
ing the maximization of the personal benefits of editorial board
members, authors and readers, and yielding the greatest social and
economic benefits.

Aims and scope

The major task of WJG is to report rapidly the most recent re-
sults in basic and clinical research on esophageal, gastrointestinal,
liver, pancreas and biliary tract diseases, Helicobacter pylori, endos-
copy and gastrointestinal surgery, including: gastroesophageal
reflux disease, gastrointestinal bleeding, infection and tumors;
gastric and duodenal disorders; intestinal inflammation, micro-
flora and immunity; celiac disease, dyspepsia and nutrition; viral
hepatitis, portal hypertension, liver fibrosis, liver cirrhosis, liver
transplantation, and metabolic liver disease; molecular and cell
biology; geriattic and pediatric gastroenterology; diagnosis and
screening, imaging and advanced technology.

Columns

The columns in the issues of WJG will include: (1) Editorial: To
introduce and comment on major advances and developments in
the field; (2) Frontier: To review representative achievements, com-
ment on the state of current research, and propose directions for
future research; (3) Topic Highlight: This column consists of three
formats, including (A) 10 invited review articles on a hot topic, (B)
a commentary on common issues of this hot topic, and (C) a com-
mentary on the 10 individual articles; (4) Observation: To update
the development of old and new questions, highlight unsolved
problems, and provide strategies on how to solve the questions;
(5) Guidelines for Basic Research: To provide guidelines for basic
research; (6) Guidelines for Clinical Practice: To provide guidelines
for clinical diagnosis and treatment; (7) Review: To review systemi-
cally progress and unresolved problems in the field, comment
on the state of current research, and make suggestions for future
work; (8) Original Article: To report innovative and original find-
ings in gastroenterology; (9) Brief Article: To briefly report the
novel and innovative findings in gastroenterology and hepatology;
(10) Case Report: To report a rare or typical case; (11) Letters to the
Editor: To discuss and make reply to the contributions published
in WJG, or to introduce and comment on a controversial issue of
general interest; (12) Book Reviews: To introduce and comment on
quality monographs of gastroenterology and hepatology; and (13)
Guidelines: To introduce consensuses and guidelines reached by
international and national academic authorities wotldwide on basic
research and clinical practice gastroenterology and hepatology.

Name of journal
World Jonrnal of Gastroenterology
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ISSN and EISSN
ISSN 1007-9327 (print)
ISSN 2219-2840 (online)

Indexed and Abstracted in

Current Contents®/ Clinical Medicine, Science Citation Index
Expanded (also known as SciSearch(E),Journal Citation Reports®,
Index Medicus, MEDLINE, PubMed, PubMed Central, Digital
Object Identifer, and Directory of Open Access Journals. ISI,
Thomson Reuters, 2009 Impact Factor: 2.092 (33/65 Gastroen-
terology and Hepatology).

Published by
Baishideng Publishing Group Co., Limited

SPECIAL STATEMENT

All articles published in this journal represent the viewpoints
of the authors except where indicated otherwise.

Biostatistical editing

Statisital review is performed after peer review. We invite an expert
in Biomedical Statistics from to evaluate the statistical method used
in the paper, including #test (group or paired comparisons), chi-
squared test, Ridit, probit, logit, regression (linear, curvilinear, or
stepwise), correlation, analysis of variance, analysis of covariance,
efe. The reviewing points include: (1) Statistical methods should
be described when they are used to verify the results; (2) Whether
the statistical techniques ate suitable or correct; (3) Only homoge-
neous data can be averaged. Standard deviations are preferred to
standard errors. Give the number of observations and subjects (7).
Losses in observations, such as drop-outs from the study should
be reported; (4) Values such as ED50, LD50, IC50 should have
their 95% confidence limits calculated and compared by weighted
probit analysis (Bliss and Finney); and (5) The word ‘significantly’
should be replaced by its synonyms (if it indicates extent) or the P
value (if it indicates statistical significance).

Conflict-of-interest statement

In the interests of transparency and to help reviewers assess any
potential bias, ]G requires authors of all papers to declare any
competing commercial, personal, political, intellectual, or religious
interests in relation to the submitted work. Referees are also asked
to indicate any potential conflict they might have reviewing a
particular paper. Before submitting, authors are suggested to read
“Uniform Requirements for Manuscripts Submitted to Biomedi-
cal Journals: Ethical Considerations in the Conduct and Reporting
of Research: Conflicts of Interest” from International Committee
of Medical Journal Editors ICMJE), which is available at: http://
www.icmje.org/ethical_4conflictshtml.

Sample wording: [Name of individual] has received fees for
serving as a speaker, a consultant and an advisory board member
for [names of organizations], and has received research funding
from [names of organization]. [Name of individual] is an employ-
ee of [name of organization]. [Name of individual] owns stocks
and shares in [name of organization]. [Name of individual] owns
patent [patent identification and brief description].

Statement of informed consent

Manuscripts should contain a statement to the effect that all hu-
man studies have been reviewed by the appropriate ethics com-
mittee or it should be stated cleatly in the text that all persons
gave their informed consent prior to their inclusion in the study.
Details that might disclose the identity of the subjects under
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study should be omitted. Authors should also draw attention to
the Code of Ethics of the World Medical Association (Declara-
tion of Helsinki, 1964, as revised in 2004).

Statement of human and animal rights

When reporting the results from experiments, authors should
follow the highest standards and the trial should conform to
Good Clinical Practice (for example, US Food and Drug Admin-
istration Good Clinical Practice in FDA-Regulated Clinical Trials;
UK Medicines Research Council Guidelines for Good Clinical
Practice in Clinical Trials) and/or the World Medical Association
Declaration of Helsinki. Generally, we suggest authors follow
the lead investigator’s national standard. If doubt exists whether
the research was conducted in accordance with the above stan-
dards, the authors must explain the rationale for their approach
and demonstrate that the institutional review body explicitly ap-
proved the doubtful aspects of the study.

Before submitting, authors should make their study ap-
proved by the relevant research ethics committee or institutional
review board. If human participants were involved, manuscripts
must be accompanied by a statement that the experiments were
undertaken with the understanding and appropriate informed
consent of each. Any personal item or information will not be
published without explicit consents from the involved patients.
If experimental animals were used, the materials and methods
(experimental procedures) section must clearly indicate that ap-
propriate measures wete taken to minimize pain or discomfort,
and details of animal care should be provided.

SUBMISSION OF MANUSCRIPTS

Manuscripts should be typed in 1.5 line spacing and 12 pt. Book
Antiqua with ample margins. Number all pages consecutively,
and start each of the following sections on a new page: Title
Page, Abstract, Introduction, Materials and Methods, Results,
Discussion, Acknowledgements, References, Tables, Figures,
and Figure Legends. Neither the editors nor the publisher are
responsible for the opinions expressed by contributors. Manu-
scripts formally accepted for publication become the permanent
property of Baishideng Publishing Group Co., Limited, and may
not be reproduced by any means, in whole or in part, without the
written permission of both the authors and the publisher. We
reserve the right to copy-edit and put onto our website accepted
manuscripts. Authors should follow the relevant guidelines for
the care and use of laboratory animals of their institution or
national animal welfare committee. For the sake of transparency
in regard to the performance and reporting of clinical trials, we
endorse the policy of the ICMJE to refuse to publish papers
on clinical trial results if the trial was not recorded in a publicly-
accessible registry at its outset. The only register now available, to
our knowledge, is http://www.clinicaltrials.gov sponsored by the
United States National Library of Medicine and we encourage
all potential contributors to register with it. However, in the case
that other registers become available you will be duly notified.
A letter of recommendation from each author’s organization
should be provided with the contributed article to ensure the pri-
vacy and secrecy of research is protected.

Authors should retain one copy of the text, tables, photo-
graphs and illustrations because rejected manuscripts will not be
returned to the author(s) and the editors will not be responsible
for loss or damage to photographs and illustrations sustained dur-
ing mailing,

Online submissions
Manuscripts should be submitted through the Online Submission
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System at: http://www.wjgnet.com/1007-9327office. Authors
are highly recommended to consult the ONLINE INSTRUC-
TIONS TO AUTHORS (http://www.wijgnet.com/1007-9327/
g info_20100315215714.htm) before attempting to submit on-
line. For assistance, authors encountering problems with the On-
line Submission System may send an email desctibing the prob-
lem to wjg@wijgnet.com, ot by telephone: +86-10-5908-0039. If
you submit your manuscript online, do not make a postal contri-
bution. Repeated online submission for the same manuscript is

strictly prohibited.

MANUSCRIPT PREPARATION

All contributions should be written in English. All articles must be
submitted using word-processing software. All submissions must
be typed in 1.5 line spacing and 12 pt. Book Antiqua with ample
margins. Style should conform to our house format. Required in-
formation for each of the manuscript sections is as follows:

Title page
Title: Title should be less than 12 words.

Running title: A short running title of less than 6 words should
be provided.

Authorship: Authorship credit should be in accordance with the
standard proposed by ICMJE, based on (1) substantial conttibu-
tions to conception and design, acquisition of data, or analysis and
interpretation of data; (2) drafting the article or revising it critically
for important intellectual content; and (3) final approval of the
version to be published. Authors should meet conditions 1, 2, and 3.

Institution: Author names should be given first, then the com-
plete name of institution, city, province and postcode. For ex-
ample, Xu-Chen Zhang, Li-Xin Mei, Department of Pathology,
Chengde Medical College, Chengde 067000, Hebei Province,
China. One author may be represented from two institutions,
for example, George Sgourakis, Department of General, Viscer-
al, and Transplantation Surgery, Essen 45122, Germany; George
Sgourakis, 2nd Surgical Department, Korgialenio-Benakio Red
Cross Hospital, Athens 15451, Greece.

Author contributions: The format of this section should be:
Author contributions: Wang CL and Liang L. contributed equally
to this work; Wang CL, Liang L, Fu JF, Zou CC, Hong F and Wu
XM designed the research; Wang CL, Zou CC, Hong F and Wu
XM performed the research; Xue JZ and Lu JR contributed new
reagents/analytic tools; Wang CL, Liang L and Fu JF analyzed the
data; and Wang CL, Liang L. and Fu JF wrote the paper.

Supportive foundations: The complete name and number of
supportive foundations should be provided, e.g. Supported by
National Natural Science Foundation of China, No. 30224801

Correspondence to: Only one corresponding address should be
provided. Author names should be given first, then author title,
affiliation, the complete name of institution, city, postcode, prov-
ince, country, and email. All the letters in the email should be in
lower case. A space interval should be inserted between country
name and email address. For example, Montgomery Bissell, MD,
Professor of Medicine, Chief, Liver Center, Gastroenterology
Division, University of California, Box 0538, San Francisco, CA
94143, United States. montgomery.bissell@ucsf.edu

Telephone and fax: Telephone and fax should consist of +,
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country number, district number and telephone or fax number,

e.g. Telephone: +86-10-59080039 Fax: +86-10-85381893

Peer reviewers: All articles received are subject to peer review.
Normally, three experts are invited for each article. Decision for
acceptance is made only when at least two experts recommend
an article for publication. Reviewers for accepted manuscripts
are acknowledged in each manuscript, and reviewers of articles
which were not accepted will be acknowledged at the end of
each issue. To ensure the quality of the articles published in ]G,
reviewers of accepted manusctipts will be announced by publish-
ing the name, title/position and institution of the reviewer in the
footnote accompanying the printed article. For example, review-
ers: Professor Jing-Yuan Fang, Shanghai Institute of Digestive
Disease, Shanghai, Affiliated Renji Hospital, Medical Faculty,
Shanghai Jiaotong University, Shanghai, China; Professor Xin-
Wei Han, Department of Radiology, The First Affiliated Hospital,
Zhengzhou University, Zhengzhou, Henan Province, China; and
Professor Anren Kuang, Department of Nuclear Medicine, Huaxi
Hospital, Sichuan University, Chengdu, Sichuan Province, China.

Abstract

There are unstructured abstracts (no more than 256 words)
and structured abstracts (no more than 480). The specific re-
quirements for structured abstracts are as follows:

An informative, structured abstracts of no more than 480
words should accompany each manuscript. Abstracts for original
contributions should be structured into the following sections.
AIM (no more than 20 words): Only the purpose should be
included. Please write the aim as the form of “To investigate/
study/...”; MATERIALS AND METHODS (no more than
140 words); RESULTS (no more than 294 words): You should
present P values where appropriate and must provide relevant
data to illustrate how they were obtained, e.g. 6.92 & 3.86 us 3.61
+ 1.67, P < 0.001; CONCLUSION (no mote than 26 wotds).

Key words
Please list 5-10 key words, selected mainly from Index: Medicus,
which reflect the content of the study.

Text

For articles of these sections, original articles and brief arti-
cles, the main text should be structured into the following sec-
tions: INTRODUCTION, MATERIALS AND METHODS,
RESULTS and DISCUSSION, and should include appropri-
ate Figures and Tables. Data should be presented in the main
text or in Figures and Tables, but not in both. The main text
format of these sections, editorial, topic highlight, case report,
letters to the editors, can be found at: http://www.wjgnet.
com/1007-9327/¢_info_20100315215714.htm.

Illustrations

Figures should be numbered as 1, 2, 3, e«., and mentioned clear-
ly in the main text. Provide a brief title for each figure on a sep-
arate page. Detailed legends should not be provided under the
figures. This part should be added into the text where the figures
are applicable. Figures should be either Photoshop or Illustra-
tor files (in tiff, eps, jpeg formats) at high-resolution. Examples
can be found at: http://www.wignet.com/1007-9327/13/4520.
pdf; http://www.wjgnet.com/1007-9327/13/4554.pdf;
http://www.wjgnet.com/1007-9327/13/4891.pdf; http://
www.wjgnet.com/1007-9327/13/4986.pdf; http://www.
wijgnet.com/1007-9327/13/4498.pdf. Keeping all elements
compiled is necessary in line-art image. Scale bars should be
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used rather than magnification factors, with the length of
the bar defined in the legend rather than on the bar itself.
File names should identify the figure and panel. Avoid layer-
ing type directly over shaded or textured areas. Please use
uniform legends for the same subjects. For example: Figure 1
Pathological changes in atrophic gastritis after treatment. A:..;
B:..; Ci..; D Ees Fro; Ge LLLefe Tt is our principle to publish
high resolution-figures for the printed and E-versions.

Tables

Three-line tables should be numbered 1, 2, 3, e#., and men-
tioned clearly in the main text. Provide a brief title for each
table. Detailed legends should not be included under tables,
but rather added into the text where applicable. The informa-
tion should complement, but not duplicate the text. Use one
horizontal line under the title, a second under column heads,
and a third below the Table, above any footnotes. Vertical and
italic lines should be omitted.

Notes in tables and illustrations

Data that are not statistically significant should not be noted.
P < 0.05,"P < 0.01 should be noted (P > 0.05 should not be
noted). If there are other series of P values, ‘P < 0.05 and ‘P
< 0.01 are used. A third series of P values can be expressed as
P < 0.05 and ‘P < 0.01. Other notes in tables or under illustra-
tions should be expressed as 'F, °F, °F; or sometimes as other
symbols with a superscript (Arabic numerals) in the upper left
corner. In a multi-curve illustration, each curve should be la-
beled with @, 0, m, 0, A, A\, efc., in a certain sequence.

Acknowledgments

Brief acknowledgments of persons who have made genuine
contributions to the manuscript and who endorse the data and
conclusions should be included. Authors are responsible for
obtaining written permission to use any copyrighted text and/or
illustrations.

REFERENCES

Coding system

The author should number the references in Arabic numerals ac-
cording to the citation order in the text. Put reference numbers
in square brackets in superscript at the end of citation content or
after the cited author’s name. For citation content which is part of
the narration, the coding number and square brackets should be
typeset normally. For example, “Crohn’s disease (CD) is associated
with increased intestinal permeability™”, If references are cited
directly in the text, they should be put together within the text, for
example, “From references! ™, we know that...”.

When the authors write the references, please ensure that
the order in text is the same as in the references section, and also
ensure the spelling accuracy of the first authot’s name. Do not list
the same citation twice.

PMID and DOI

Pleased provide PubMed citation numbers to the reference list,
e.g. PMID and DOI, which can be found at http://www.ncbi.
nlm.nih.gov/sites/entrez?db=pubmed and http://www.cross-
ref.org/SimpleTextQuery/, respectively. The numbers will be
used in E-version of this journal.

Style for journal references

Authors: the name of the first author should be typed in bold-
faced letters. The family name of all authors should be typed
with the initial letter capitalized, followed by their abbreviated
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first and middle initials. (For example, Lian-Sheng Ma is ab-
breviated as Ma LS, Bo-Rong Pan as Pan BR). The title of the
cited article and italicized journal title (journal title should be
in its abbreviated form as shown in PubMed), publication date,
volume number (in black), start page, and end page [PMID:
11819634 DOI: 10.3748/wjg.13.5396].

Style for book references

Authors: the name of the first author should be typed in bold-
faced letters. The surname of all authors should be typed with the
initial letter capitalized, followed by their abbreviated middle and
first initials. (For example, Lian-Sheng Ma is abbreviated as Ma LS,
Bo-Rong Pan as Pan BR) Book title. Publication number. Publica-
tion place: Publication press, Year: start page and end page.

Format

Journals

English journal article (list all anthors and inciude the PMID where ap-
plicable)

1 Jung EM, Clevert DA, Schreyer AG, Schmitt S, Rennert J,
Kubale R, Feuerbach S, Jung F. Evaluation of quantitative
contrast harmonic imaging to assess malignancy of liver
tumors: A prospective controlled two-center study. World |
Gastroenterol 2007; 13: 6356-6364 [PMID: 18081224 DOL:
10.3748/wig 13.6350]

Chinese journal article (list all anthors and include the PMID where ap-
plicable)

2 Lin GZ, Wang XZ, Wang P, Lin J, Yang FD. Immunolog-
ic effect of Jianpi Yishen decoction in treatment of Pixu-
diarrhoea. Shijie Huaren Xiaohna Zazhi 1999; 7: 285-287

In press

3 Tian D, Araki H, Stahl E, Bergelson J, Kreitman M.
Signature of balancing selection in Arabidopsis. Proc Nat/
Acad Sei USA 2006; In press

Organization as author

4  Diabetes Prevention Program Research Group. Hyper-
tension, insulin, and proinsulin in participants with impaired
glucose tolerance. Hypertension 2002; 40: 679-686 [PMID:
12411462 PMCID:2516377 DOI:10.1161/01.HYP.00000
35706.28494.09]

Both personal anthors and an organization as author

5 Vallancien G, Emberton M, Harving N, van Moorse-
laar RJ; Alf-One Study Group. Sexual dysfunction in 1,
274 European men suffering from lower urinary tract
symptoms. | Uro/ 2003; 169: 2257-2261 [PMID: 12771764
DOI1:10.1097/01.ju.0000067940.76090.73]

No author given

6 2lst century heart solution may have a sting in the tail. BM]
2002; 325: 184 [PMID: 12142303 DOI1:10.1136/bmj.325.
7357.184]

Volume with supplement

7  Geraud G, Spierings EL, Keywood C. Tolerability and
safety of frovatriptan with short- and long-term use for
treatment of migraine and in comparison with sumatrip-
tan. Headache 2002; 42 Suppl 2: S93-99 [PMID: 12028325
DOI:10.1046/j.1526-4610.42.52.7 x|

Issue with no volume

8  Banit DM, Kaufer H, Hartford JM. Intraoperative frozen
section analysis in revision total joint arthroplasty. Clin
Orthop Relat Res 2002; (401): 230-238 [PMID: 12151900
DOI:10.1097/00003086-200208000-00026]

No volume or issue

9 Outreach: Bringing HIV-positive individuals into care.
HRSA Careaction 2002; 1-6 [PMID: 12154804]
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Books

Personal anthor(s)

10 Sherlock S, Dooley J. Diseases of the liver and billiary
system. 9th ed. Oxford: Blackwell Sci Pub, 1993: 258-296

Chapter in a book (list all anthors)

11 Lam SK. Academic investigator’s perspectives of medical
treatment for peptic ulcer. In: Swabb EA, Azabo S. Ulcer
disease: investigation and basis for therapy. New York:
Marcel Dekker, 1991: 431-450

Author(s) and editor(s)

12 Breedlove GK, Schorfheide AM. Adolescent pregnancy.
2nd ed. Wieczorek RR, editor. White Plains (NY): March
of Dimes Education Services, 2001: 20-34

Conference proceedings

13 Harnden P, Joffe JK, Jones WG, editors. Germ cell tu-
mours V. Proceedings of the 5th Germ cell tumours Con-
ference; 2001 Sep 13-15; Leeds, UK. New York: Springer,
2002: 30-56

Conference paper

14  Christensen S, Oppacher F. An analysis of Koza’s compu-
tational effort statistic for genetic programming. In: Foster
JA, Lutton E, Miller J, Ryan C, Tettamanzi AG, editors. Ge-
netic programming, EuroGP 2002: Proceedings of the 5th
European Conference on Genetic Programming; 2002 Apr
3-5; Kinsdale, Ireland. Berlin: Springer, 2002: 182-191

Electronic journal (list all authors)

15 Morse SS. Factors in the emergence of infectious dis-
eases. Emerg Infect Dis serial online, 1995-01-03, cited
1996-06-05; 1(1): 24 screens. Available from: URL: http://
www.cdc.gov/ncidod/eid/index.htm

Patent (list all authors)

16 Pagedas AC, inventor; Ancel Surgical R&D Inc., as-
signee. Flexible endoscopic grasping and cutting device
and positioning tool assembly. United States patent US
20020103498. 2002 Aug 1

Statistical data
Write as mean * SD or mean * SE.

Statistical expression

Express # test as # (in italics), I test as I (in italics), chi square test
as xz (in Greek), related coefficient as 7 (in italics), degree of free-
dom as v (in Greek), sample number as 7 (in italics), and probabil-
ity as P (in italics).

Units
Use SI units. For example: body mass, m (B) = 78 kg; blood pres-
sure, p (B) = 16.2/12.3 kPa; incubation time, t (incubation) = 96 h,
blood glucose concentration, ¢ (glucose) 6.4 £ 2.1 mmol/L; blood
CEA mass concentration, p (CEA) = 8.6 24.5 ng/L; CO, volume
fraction, 50 mL/L CO,, not 5% CO,; likewise for 40 g/L formal-
dehyde, not 10% formalin; and mass fraction, 8 ng/g, et. Arabic
numerals such as 23, 243, 641 should be read 23243 641.

The format for how to accurately write common units and
quantums can be found at: http://wwwwijgnet.com/1007-9327/
g info_20100315223018 htm.

Abbreviations

Standard abbreviations should be defined in the abstract and
on first mention in the text. In general, terms should not be ab-
breviated unless they are used repeatedly and the abbreviation
is helpful to the reader. Permissible abbreviations are listed in
Units, Symbols and Abbreviations: A Guide for Biological and
Medical Editors and Authors (Ed. Baron DN, 1988) published
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by The Royal Society of Medicine, London. Certain commonly
used abbreviations, such as DNA, RNA, HIV, LD50, PCR,
HBV, ECG, WBC, RBC, CT, ESR, CSF, IgG, ELISA, PBS, ATP,
EDTA, mAb, can be used directly without further explanation.

Italics

Quantities: 7 time or temperature, ¢ concentration, 4 area, /length,
m mass, I volume.

Genotypes: gyrA, arg 1, ¢ mye, ¢ fos, ete.

Restriction enzymes: EcoRI, Hindl, BamHI, Kbo 1, Kpn 1, ete.
Biology: H. pylori, E coli, ete.
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